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overflights were a part of the regional fault studies. The regional fault
studies indicated that active or capable faults were present in the Yellowstone
National Park (YNP) area. Nearby faults, such as the Grand Valley and Snake
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cited as having induced earthquakes in the Caribou Range. There is no com-
pelling evidence for this, nor at the Ririe Dam.

On the basis of seismicity and tectonics, three seismic zones--A, B, and C-- !
were identified. Zone A was the YNP area approximately 105 km from the site.

The maximum earthquake (ME) in this zone is a magnitude 7.5 event which would
produce the following peak ground motions at the site: acceleration, 0.22 g;
velocity, 32 cm/sec; displacement, 20 ¢m. 2Zone B included the seismically
active area along the Utah-ldaho border and within approximately 40 km south of
the site. The ME in this zone is a magnitude 7.0 event occurring at a distance
of 40 km (far field) from the site; the peak ground motions are: accelerationm,
0.28 g; velocity 40 cm/sec; and displacement, 23 cm. Zone C included SRP, the
site, and areas between Zones A and B. The ME in this zone is a magnitude

5.5 event occurring 15 km (far field) from the site; the peak ground motions are:
acceleration, 0.16 g; velocity, 25 cm/sec; and displacement 15 cm. For all
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rock under the site. The design basis earthquake ground motions are those from
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PREFACE

This study was conducted by the U. S, Army Engineer Waterways
Experiment Station (WES) and was authorized by the U. S. Army Engineer
District, Walla Walla, 16 February 1978, by appropriation order
No. E86~78-0044, and the Office, Chief of Engineers, U. S. Army.

The work was accomplished and the report written by Dr. David M.
Patrick, Engineering Geology and Rock Mechanics Division (EG&RMD),
Geotechnical Laboratory (GL), with assistance from Mr. Charlie B. Whitten,
EGSRMD. Dr. Ellis L. Krinitzsky, EG&RMD, provided general technical
supervision. General supervision was also provided by Dr. Don C. Banks,
Chief, EC&RMD, and Mr. James P. Sale, (retired) Chief, GL.

Consultants on this project were Messrs. David J. Leeds, Los
Angeles, Calif., and Burton H. Marliave, Walnut Creek, Calif. The
authors acknowledge the assistance of Messrs. Fred J. Miklancic, Chief,
and William L. Sanguine, Ceology Section, Walla Walla District; Professor
David B. Slemmons, McKay School of Mines, University of Nevada at Reno;
and Dr. William F. Marcuson 1II, GL, WES.

COL John L. Cannon, CE, and COL Nelson P. Conover, CE, were
Commanders and Directors of WES during the conduct of this study and
preparation of this report. Mr. Fred R. Brown was Technical Director
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be converted

to metric (SI) units as follows:

Multiply By To Obtain
acre~feet 1233.489 cubic metres
degrees (angle) 0.01745329 radians
feet 0.3048 metres
inches 25.4 millimetres
miles (U. S. statute) 1.609347 kilometres

2.589998 square kilometres

square miles
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GEOLOGICAL AND SEISMOLOGICAL INVESTIGATIONS
AT RIRIE DAM, IDAHO

PART I: INTRODUCTION

Purpose and Scope

1. The purpose of this study was to investigate and evaluate the
potential earthquake ground motions at Ririe Dam located in southeastern
Idaho. This study was conducted in compliance with ER 1110-2-1806
(0ffice, Chief of Engineers, 1977).

2. The study included both geological and seismological investi-
gations and consisted of the following elements: (a) an evaluation of
the local and regional geology with respect to active or capable faults,
(b) a review of historical regional seismicity, and (c) the determination
of the maximum earthquake that will affect the site as well as the
attenuated peak ground motions at the site.

General Description of Ririe Dam and lake

3. Ririe Lake is located on Willow Creek, a tributary of the
Snake River in Bonneville County, Idaho (Figure 1l). The deam is approxi-
mately 15 km northeast of Idaho Falls. The dam embankment is a
zoned earth- and rock-fill structure 251 ft* high, 840 ft long, and 40 ft
wide at the crest. The lake at maximum pool (elevation 5119 ft) has a
storage capacity of approximately 100,000 acre-ft. The multipurpose dam
and lake serve for flood control, recreation, and irrigation. The dam
wvas designed and constructed by the U, S. Army Engineer District, Walla
Walla, and then turned over to the U. S. Bureau of Reclamation for
operation in 1978. Filling of the reservoir began in 1976.

# A table of factors for converting U. S. customary units of measure-
ment to metric (SI) units is presented on page 5.
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PART II: GEOLOCY

Physiography and Drainage

4, The Ririe Dam site is situated in the southeastern portion of
the Snake River Plain section of the Columbia Plateau Physiographic
Province. This location is 10 km north of Middle Rocky Mountains Province,
100 kn south of the Northern Rocky Mountains Province, and 10 km north
of the Basin and Range Province. The portion of the Snake River Plain
containing the egite is elevated above the alluvial plain of the Snake
River and forms the southern part of the Rexburg Bench. The alluvial
plain of the Snake River exhibits low relief, but the topography of the
dam and reservoir areas on the Rexburg Bench is hilly, exhibits approxi-
mately 1150 ft of relief at the damsite, and is considerably higher in
the upstream portions of the Willow Creek basin. Cenerally, the relief
on the Rexburg Bench increases from north to south. The site is also
located to the west of the Snake River and Teton Ranges and approximately
80 km southwest of Yellowstone National Park.

5. The dam 1s located on Willow Creek approximately 24 km upstream of
the confluence of Willow Creek and the Snake River. The Snake River heads
in northwestern Wyoming and flows southwesterly to enter Idaho in its
southeast corner, then flows northwest through the Palisades Dam and Reser~-
voir. The Snake River flows thea across the Rexburg Bench in the vicinity
of Poplar, ldaho, continues northwest to Menan Buttes, and finally flows to
the southwest toward Idaho Falls. Three kilometers downstream from the dam,
Willow Creek emerges from the Rexburg Bench onto the Snake River alluvial

plain, upon which it meanders for 21 km before it flows into the Snake River.

Stratigraphy

6. The geology of the dam and reservoir areas 1is dominated by
volcanic rocks. Figure 2 shows the areal geology, and Figure 3 presents
a generalized stratigraphic section of the rocks in the vicinity of the

dam and reservoir. Figure 4 1s a location map and Figures 5 through 10
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Figure 9. Geologic cross section along profile 4 showing two

interpretations of larger fault area (Upper cross
section shows the offset to be a topographic feature
and the lower cross sectica shows a fault interpre-
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are geologic profiles of the volcanic units.

There are five distinct

major lithologic and stratigraphic units exposed (U. S. Engineer District,

Walla Walla, 1977). These units are, from oldest to youngest, respec—-

tively:

2. A thick sequence of ash, rhyolite and sediments of Late
Tertiary age which are called "basal sediments” or Salt
lLake formation.

b. A sequence of basalt of Quaternary or Tertiary age.

&+ Channel gravel deposit.

d. A rhyolite flow.

&. A basalt flow (Intracanyon Flow).

7. The upland areas are mantled by several feet of windblown silt

(loess) of Quaternary age and the alluvium of Willow Creek converts
Pleistocene to Holocene age silts, clays, sands, and gravels. Generally,
the knowledge of the local geology is based upon the U. S. Geological
Survey (USGS) open file geologic map by Prostka and Hackman (1974),
boring logs and cross sections prepared by the Walla Walla District, CE,
These

recent studies consisted of a reevaluation of existing geological infor-

and geological studies conducted as a part of this investigation.

mation derived from the original exploration program, field examination

of exposed rock units, radiowetric dating of selected flows, and additional

rock drilling.

Basal sediments
8. This unit 1s termed "basal sediments" in the foundation reports

and is presumed to be approximately equivalent to the Salt lLake formation.

This material {s mapped as "Tr" on Prostka and Hackman's (1974) map and

is Pliocene (Tertiary) in age.

The geological units are described in the next sections.

The unit consists of rhyolitic welded
Exposures of this unit in
Meadow Creek, an upstream tributary of Willow Creek, consist of volcanic

tuffs, lava flows, and nonwelded tuffs.
ash beds (nonwelded tuffs), silts, and sands. The surfaces upon which
these individual volcanic and nonvolcanic materials were depoaited are
These
materials are unweathered as exposed in Meadow Creek, but the basal
sediments encountered in boreholes under and near the dam consist of

apparently quite irregular as indicated by steep primary dip.

silt and clay that most probably resulted from the devitrification and
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weathering of the volcanic glass. This unit {s believed to be quite
thick, perhaps thousands of feet thick. FHowever, the deepest explor-
atory penetration of this unit was approximately 100 ft.
Older basalt

9. Unconformably overiying the basal sediments and underlying
both the rhyolite flow and the channel gravels are approximately 251 ft
of basalt flows. These basalt flows are labeled "Qbo" on Prostks and
Hackman's (1974) map and are considered by them to be of the Quaternary
age. At the damsite the unit consists of predominant hard, dark gray,
fine~grained, vesicular basalt. This sequence of basalts has been
lithologically and stratigraphically divided into five individual flows
or flow units on the basis of interbedded clays, flow or contact breccias,
and lithologic dissimilarity. Ten key marker horizons have been identi-
fied and are shown on the stratigraphic column and on the cross sections,
Generally these marker horizons can be identified throughout the vicinity
of the dam. However, the examination of boring logs revealed that
marker horizons 17 and 17A are least continuous. These interbedded
clays and associated contact or flow breccia zones apparently indicate
surfaces of unconformity upon which successive flows were extruded.
Horizon 12 reflects a distinct change in lithology in terms of the
appearance of clustered plagioclase phenocrysts, which appear above
horizon 12 and not below it. This porphyritic basalt is termed the
"first flow basalt.”" This horizon is not a surface of unconformity.

Channel gravels

10, Exploratory drilling for the emergency spillway in the right
abutment revealed the presence of approximately 40 ft of predominant
gravel interbedded with sand, silt, and clay. The drilling logs indicated
that these gravels, which are presumed to represent a channel deposit,
underliie both the rhyolite and the youngest rock unit, the intracanyon
basalt. The channel gravels lie unconformably upon the older basalt
fiows and represent downcutting to at least horizon 14 in the older
basalt flows.

19




Rhyolite flow
11. Unconformably overlying the channel gravels and first flow

basalt in the right abutment and only the first flow basalt in the left
i3 a fine-grained, soft to moderately hard, pink to gray, rhyolite flow.
This material is the gray rhyolite flow. The base of the flow consists
of ash and locally obsidian. This material is the Huckleberry Ridge
tuff of Prostka and Hackman (1974) who describe the unit as a rhyolite,
welded, ash-flow tuff. These authors give the age of the material as
Pleistocene.

Intracanyon flow

12. Unconformably overlying the local channel gravels and rhyolite
is approximately 72 ft of gray to black, porphyritic, and vesicular
basalt. This unit exhibits feldspar phenocrysts and colummnar jointing
and was apparently extruded along a canyon ancestral to the present
Willow Creek canyon. The contact between the intracanyon flow and the
older basalts along the north side of Willow Creek canyon approximately
one mile downstream of the dam is shown in Figure 11.

Loess

13. Overlying the rhyolite flow and generally covering most of
the volcanics is several feet of Pleistocene age windblown silt. This
loessial material is quite extensive and effectively conceals much of
the structural and stratigraphic relationships in the underlying rocks.
The correct interpretation of the stratigraphic and structural relation-
ships between these volcanic flows and the interbedded gravels is an
important aspect of this study because of the need to identify geologic
faults that may be capable of producing earthquakes.

14. The geological interpretation and identification of the
structure at Ririe Dam is complicated by the veneer of loess and by the
fact that the dam is completed and it and the reservoir cover locations
of interest. Furthermore, the very nature of the flows results in
additional cowplications; these result because the flows have been
extruded on highly irregular, eroded surfaces.

15. The authors believe that the single most important consider-
ation in the evaluation of the geological data with respect to faulting

20
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a. Distant view

b. Close-up

Figure 11. Unconformable contact between overlying intra-
canyon basalt (darker rock) and underlying
older basalts :
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1s the existence of at least six unconformities within approximately
350 ft of total section.

Geologic Structure

16. Generally, the structural makeup of the southern portion of
the Rexburg Bench is not particularly complex. The basalt units that
cowprise the abutments dip in s southwesterly direction with the degree of
dip ranging from 5 to 30 degrees. In the area south of the Snake River
Plain, Prostka and Hackman (1974) have mapped 14 faults of which four are
presumed faults; no faults have been identified by these authors at the
damsite. All of the mapped faults on the southern portion of the bench
are normal, and none are shown to cut the rhyolite (Qyh) in the vicinity
of the site. Also, in th’s area only one fault (11 km southwest of the
dam) wvas found to affect or cut the older basalt (Figure 2); this partic-
ular fault occurs between the older basalt and the basal sediments (Tr).
All other mapped faults are limited to the basal sediments and undiffer-
entiated Mesozoic units.

17. The Snake River valley northeast of the dam may be at least
partislly bounded by normal faults. The Snake River fault, shown in the
southeastern corner of Prostka and Hackman's (1974) geologic map (see
Figure 2), 1is projected to the northwest where over a part of its length
it occurs along the south valley wall of the Snake River valley. The
southeastern portion of the northern side of Snake River valley, east of
the daw, is bounded by the Grand Valley fault. The Heiac'fnult bounds
the northwestern portion of the Snake River valley. North and northeast
of the Snake River valley the faulting is more extensive and several
faults have cut the rhyolite (Qyh).

18. During comstruction three faults were found at the dam site;
two of these faults occur under the dam and are shown on the cross sections
in Pigures 5 and 6. Both faults appear to be normal; the fsult near the
left abutment exhibits a vertical displacement of approximately 30 ft
and the one near the center of the dam exhibits a vertical displacement
of approximataely 75 ft. <The strike of the larger fault is approximately

22

. . —— . e -
. . . . X R n AL I A W L .
R Ve : R N Ve o e o e TR T

o

e — ——




N 40® W. The third fault or shear zone occurs under the intake tower
and exhibits a strike which 1is approximately normal to the axis of the
valley. Displacement on this feature was seen during construction; the
fault is limited to the older basalt and does not extend into the over-
lying rhyolite. The age of the rhyolite and the fact that the fault

or shear zone does not transect the rhyolite indicate that this feature
is not an earthquake source. A further discussion of the two faults
under the dam will be given in the section dealing with Field Studies

i and again in PART III: Fault Studies.

Radiometric Age Dating

19. To more accurately determine the potentizl activity of the
presumed faults at the dam, the absolute ages of the foundation rocks
had to be known. Therefore, selected samples of core were taken from
drill hole No. 9 (left abutment) and drill hole No. 31 (right abutment)
for radiometric age dating. The analyses were performed by Teledyne
Isotopes and the dating method was potassium—-argon. The results of the
analyses are given below:

Drill Hole Depth Elevation Age
. Unit No. ft ft, msl Million Years
. Intracanyon basalt 31 27 5140 3.1 +0.2
Rhyolite 31 31 5136 3.2+ 0.2 L,
First flow basalt 31 75 592 6.7 + 0.7 e
Basalt, units 17~18 9 304 4893 7.3+ 0.4 '

20. It is apparent that the geologic ages of these flows ‘are not
Pleistocene (Quaternary), but Pliocene (Tertiary). Also, the ages

s —g LY

indicate a hiatus of approximately 3.5 million years between the extrusion H
of the first flow basalt and the extrusion of the rhyolite--a period of ,'iq
time during which well developed drainage systems could be established.
The channel gravels are apparently remmants of this syster.

21, Since these rocks are of an older age than the Pleistocene,
the determination that a given fault, although displacing a lower flow,
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did not displace an upper one would demonstrate no movement on the fault
in the last 3 million years and that would essentially require that the
given fault be considered not capable. Therefore, the fault or shear
zone under the intake tower is noncapable and nonactive.

Field Studies

22, Fileld studies were conducted to reexamine the geology of the
project to determine whether the suspected faults under the dam could be
traced beyond the dam. The downstream projection of the local strike
(8 40°* W) of the larger fault indicated that this fault should head into
the right abutment canyon wall a short distance dowmstream of the dam,
Examination of outcrops on the tops, sides, and bottoms of the canyon
walls downstream of the dam revealed no evidence of faulting.

23. Outcrops were also examined on the canyon tops and sides
upstream of the dam., These observations also revealed no faults;
however, there was evidence of landslides or slumping particularly on
the left canyon wall.

24, Field examination of outcrops and mapped faults upstream of
the dsm in the Meadow Creek area generally confirmed the geologic mapping
of Prostka and Hackman (1974); that is, there was no evidence for faulting
in the older basalt (Qbo) or in the rhyolite (Qyh).

25. The Meadow Creek area 1is particularly significant for observing
the relations between the basal sediments (Tr), older basalt (Qbo), and
the rhyolite (Qyh). An enlargement of Prostka and Hackman's (1974)
geologic map is shown in Figure 12. From this map it may be seen that
the older basalt flows (Qbo) rest unconformably upon the basal sediments
(Tr) and that the rhyolite (Qyh) lies unconformably upon both the older
basalt flows and the basal sediments. No faulting is indicated.

26. Figure 13 18 a cruvss section taken approximately parallel to
Meadow Creek. Figure 14 presents photographs of this area., The dip on
the basal sediment surface is evident. This 13 an apparent dip of
approximately 26 degrees. The true dip could be considerably higher.

24
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Figure 13. Generalized geologic cross section along Meadow Creek
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Upstream view
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Photographs of Meadow Creek valley

Figure 14.
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PART IIl: FAULT STUDIES
General

27.

and information collected to determine whether active or capable faults

This part of the report describes the activities conducted

are present at or in the vicinity of the damsite. Active and capable

faults are faults that may generate earthquakes. Active faults are

those faults that show evidence of geologically recent movement. Faults

that displace Holocene alluvium, for example, would be classed as

"active.” Capable faults exhibit one or more of the following features

(0ffice, Chief of Engineers, 1977):

a. Movement at or near the ground surface at least once

within the last 35,000 yr.

Macroseismicity instrumentally determined with records
of sufficient precision to demonstrate a direct relation-
ship with the fault.

A structural relationship to a capable fault such that
movement on one could be reasonably expected to cause
movement on the other.

28.

would require that the fault be considered an earthquake source.

The determination that a given fault 1is active or capable
The
size of the earthquake assigned to the fault would be a function of
fault length and the regional seismicity. Since three faults have been
postulated to occur at or under the dam, it is apparent that whether
these three faults are active or capable is of paramount concern.

29.

presented in various design memoranda for the dam, field examination of

The analyses of the local faults were based upon information

the site and environs (given in PART II), data collected during the
supplemental drilling program, and examination of LANDSAT and other
imagery. The analyses of regional faults involved interpretations of

USCS publications, imagery, and aerial overflights.
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Imagery Interpretation

30. The examination of large-scale aerial photography and LANDSAT
imagery was conducted for the purpose of elucidating the character of
local and regional structures (Glass and Slemmons 1978). The results of
the examination of aerisl photographs of the dam and reservoir area
failed to reveal any new data that could contribdate to characterizing
the presumed local faults at the damsite, and no previously unmapped
faults were seen. Specifically, the examination of the along-strike
extension of the presumed faults at the dam revealed no trace of faulting.
Although preloess faults could be present, there were no indications of
loess displacement; however, the loessial upland areas are actively
cultivated and this cultivation could easily remove evidence of displace~
ment. Also, there was no evidence of fault displacement along Willow
Creek valley; however, the dense vegetation in the valley could easily
conceal minor displacements. Figure 15 is an aerial photograph of the
damsite taken during site exploration. The damsite is located at the
bottom of the photograph. The larger presumed fault under the dam
strikes more or less down Willow Creek or possibly into the north canyon
walls. No evidence of the fault can be seen. Note, however, the land-
slide debris on the left (southern) canyon wall downstresm of the site.
Figure 16 shows the adjacent frame %o the south of Figure 15, consisting
of the damsite and upstream portions of Willow Creek. Again no upstream
evidence for faulting is evident, although landslides are apparent.

31. Two seemingly anomalous features were detected on the aerial
photographs. The first is located 19 km upstream of the dam and is
shown in Pigure 17. This feature is & northeast trending linear topo-
graphic ridge shown in the upper left quadrant of the photo. Field
examination of the feature revealed approximately 20 ft of relief with a
steep slope on the northwest side. Examination of the walls of Willow
Creek on strike with the feature revealed no evidence of offset in the
outcrop. Other similar but more curvilinear features were found on
other photos and in the field. KNone of these is believed to be a fault.

These topographic anomalies are believed to be edges or ends of lava
flows.




-

Figure 15.

Aerial photography of the damsite during site exploration

1
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Figure 16. Aerial photography of the damsite during site exploration !
(adjacent frame to the south of Figure 15 photograph)
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Anomalous features on aerial photographs

Figure 17.
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32. The second apparent anomaly occurs spproximately 4 ke northeast
of the damsite where Birch Creek enters the Snake River Plain. This
feature, shown in Figure 18, is the rather straight, steep escarpment
separating the Rexburg Bench to the southwest from the Snake River Plain
to the northeast. The escarpment is the southeastern boundary of the
Snake River graben and is aligned with and apparently conforms to the
most northwesterly extension of the Snake River fault shown in Figure 2.
The escarpment is considered to be concealed by alluvium or loess through-
out most of its length. In the field the escarpment appeared as a
typical valley wall adjoining an alluv.al valley. There was no evidence
that the offset represented recent tectonic displacement., Furthermore,
the photos and field evidence show that Birch Creek valley completely
truncates the escarpment indicating that this boundary fault predates
the alluvial f1lling of Birch Creek and the Snake River valley and 1is,
therefore, not active.

33. A LANDSAT lineament investigation of the Ririe region was
conducted by General Electric (GE) Company Space Systems Operations
(Space Systems Division, General Electric Corporation 1979). The Ririe
study was a part of a larger investigation by GE for the Corps of
Engineers (CE) to demonstrate the use of LANDSAT image enhancement
techniques in geological investigations. Specifically, this study of
the Ririe area was intended to supplement the evaluation of the regional
faulting, It was believed that the LANDSAT imagery and the enhancement
techniques might define extensions of known, mapped faults and possibly
identify linears that might represent previously unmapped faults.

Figure 19 is a LANDSAT enhanced image of the area. The GE study identi-
fied 20 linears (FPigure 20), the most significant of which coincided

with known faults; the remainder appeared to reflect tovographic features.

Exploratory Drilling

34. A limited objective, core drilling program was Initiated in
the summer cf 1978 for the purpose of determining whether the presumed

34
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Figure 18.

Anomalous features northeast of the
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rigure 19.

LANDSAT custom enhancement - Ririe Dam site,
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faults under the dam could be traced along strike beyond the downstress
toe of the dam. The strike of the larger fault (N 40° W) suggested that
the fault should head into the right canyon wall a short distance down-
stream of the dam. By drilling out the fault and showing that it did
strike into the canyon wall in the subsurface and by previously having
demonstrated by observation that the rocks in the canyon wall were not
faulted, one could determine a minimum age for the last displacement.
This minimum sge would be Tertiary, which would result in the fault
being classed as noncapable. In the event that the strike of the fault
changed and the structure headed farther downstream the objectives would
not be satisfied. Also, the drilling was limited to a relatively small
spoil area downstream; drilling was prohibited in the natural ground
beyond the Willow Creek valley due to environmental restrictions.*

35. The drilling program consisted of nine core drill holes
(DH=251 through DH=259) and two pneumatic drill holes (PN-123 and PN-124).
The hole locations are shown in Figure 21 and the logs are given in
Appendix A. In general, the location of the presumed fault was based
upon identifying elevation differences of the basal sediments upper
surface (marker horizon 18) between adjacent borings. Three lines of
borings approximately normal to the valley strike were drilled. On the
firat line of borings (nearest the dam toe) an offset of approximately
60 ft on the basal sediments surface was found between holes DH-252 and
DH-253. On the second line, farther downstream, an offset of approxi~
mately 57 ft occurred between holes DH-254 and DH-255. On the basis of
these two drill lines, the presumed fault appeared to maintain its
strike and was heading toward the right canyon wall as predicted. The
third line of borings was located on the basis of the projected fault
strike and as close as possible to the dowmstream limit of drilling.
Pour core drill holes (DH-256 through DH~259) and two pneumatic drill
holes (PN-123 and PN~124) were drilled in this area. However, the drill

* Geophysical methods (which were not prohibited) were considered; how-
ever, it was believed that neither seismic nor electrical methods
could detect marker horizons in the basalt.
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Figure 21.
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holes positioned on both sides of the projected strike line fafled to
locate appreciable elevation differences on the basal sediments surface.
Holes 256 and 257 were located on the dowmthrown side, indicating that

the fault line did not head into the right canyon wall. This third line
was then extended toward the left canyon wall. The following two core
drill holes and pneumatic holes resulted in the discovery of offset in

the basal sediments surface; however, the location of the offset indicated
that the strike of the presumed fault line had changed direction possibly
by as much as 90 deg.

36. The conclusions resulting from the exploratory boring program
indicated that the presumed fault could not be dated by direct strati-
graphic evidence and, more importantly, that the irregularity of the
strike line strongly suggested s topographic surface rather than a fault
scarp. Furthermore, it was apparent that an examination of the topography
on the basal sediments surface needed to be conducted throughout the
damsite, The results of these investigations are given in the next
section.

Interpretation of Presumed Faults at Site

37. This section of the report consists of a review of the
geological information concerning the presumed foundation faults, evi-
dence for and against their existence, and an analysis of the structural
and stratigraphic relationships between the volcanic units.

38. The evidence for faulting consisted of the following types:
(a) dislocations of marker horizons as determined from boreholes,

(b) dislocations of marker horizons in the excavation, and (c) a shear
zone in the excsvatiun. Presumed fault zones tocated in the excavation
were mapped, cleaned, and covered with concrete.

39. Figure 6 shows a geological cross section along the center
line of the dam. This cross section and other sections that follow are
ones which appear in various foundation reports and other reports per-
taining to the project. These sections reflect minor changes that have

been made as a part of this study. In this section two dislocations are

40
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apparent. Approximately 75 ft of displacement occurs between marker hori-
zon 18 on either side of the northeast fault hereafter called Fault 1;
approximately 30 ft of displacement occurs between marker horizon 15 on
either side of the other fault shown in Figure 6 hereafter called Fault 2.

40. Figure 22 shows the map of the foundation at Fault 1 prepared
after excavation of the core trench. This zone is not described as, nor
does it appear to be, an area of sheared rock. The material in the zone
is either basal sediments (as mapped) or alluvium, cohsisting of clay and
sand; the basalt on either side of these sediments is not particularly
sheared nor fractured. Observations made in the core trench exposure
suggested that the fault had a strike on N 40° W. Also, the foundation
report indicates that the fault is reverse and dips toward the southeast;
however, drawings in the foundation report show the fault to be normal.
The examination of Fault 2 did reveal the presence of a sheared,
brecciated zone.

41. A third fault, Fault 3, was discovered in the left abutment in
the intake tower foundation. This fault zone was sheared and nearby bore-~
hole evidence indicated that there was an offset in marker horizons 15 and
16. There was approximately 5 ft of dislocation in the excavation of the
tower foundation, seen during stripping of the left abutment near the
tower site (see paragraph 18). )

42. Figures 5 and 6 illustrate the stratigraphic and topographic
relationships between the uppermost flow, the intracanyon basalt, and sub~-
adjacent units; that is, the indication that the intracanyon basalt as well
as the rhyolite occupy topographic lows. Also, it can be seen from Figure
6 that these lows are most likely a former stream channel where this former
stream has cut down at least to marker horizon 13.

43, Figure 5 also shows that the elevations of the base of the rhy-
olite along the dam center line are variable and that the differences in
elevations between left and right abutments do not necessarily conform to
the sense of movement on the faults. Marker horizons 13 and 14 are topo-
graphically irregular; however, topographic offsets conforming to the
sengse of fault movement are only apparent toward the axis of the dam.

44. The abaolute criteria for the recognition of faulting whether in

41
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the subsurface or at the surface 1s~the recognition of offsets in

marker horizons or beds on either siQe of a plane or zone along or

through which the offset has occurred. Also, for positive recognition

of faulting, the offset horizons should be identified as close to the
plane in question as possible. Unfortunately, in this study this absolute
criteria has not been met; that is, for a given presumed fault either

the offset is recognized or the plane is recognized but in no case have
both been observed. The absence of absolute criteria for faulting, the
presence of landslides, and the observed high relief on the basal sediments
surface suggest that there may, in fact, be no faults in the dam foun-
dation. The following paragraphs address the use of reconstructions and
structural contour and isopach msps as well as the occurrence of land-

slides to interpret the apparent dislocations of marker horizons under

the dawm.
Landslides

45. An examination of Prostka and Hackman's (1974) geologic maps
(Pigures 1 and 12) reveals that numerous landslides have occurred on
Willow and Meadow Creeks. These features are usually readily apparent
in the field; however, landslides of various ages are present. Those
slides that have moved the farthest Are eagiest to identify since they
occupy anomalous positions at the base of the canyon walls. Slumps or
slides that have moved, as yet, only short distances and that still
occupy positions near the top of the canyon walle are less obvious and

may be mistaken for faults. Attention was given to distinguishing
between faults and landslides during the field studies, and it was .
concluded that the distinctions between faults and slides were correct. Q“j'
46. However, the geologic maps can only present information on v
landslides that are not covered with alluvium. That i{s, older landslides
that predate much of the filling of Willow Creek, for example, would not
be seen. There is a body of evidence that indicates that the presumed
fault on the left abutment exhibiting approximately 30 ft of displacement T
is a landslide or slump feature. This slide has been partially covered E‘, _- $
by alluvium. :4‘5;,né




47, Figure 21, a
indicates a small knoll

sbutment. Boring 59 is

toﬁographic map showing the location of boreholes,
or rise above the alluvium surface near the left

on the knoll. Figure 23 shows the topography

(elevation) on the bedrock surface.

This figure also shows the knoll

and indicates an anomalous irregular ares upon which the knoll 1is located.
This irregular area has the appearance of a landslide or slump feature
and is assumed to be such in the interpretation which follows.

Ssructural reconstruction

48. This technique is based upon the assumptions that faulting
has occurred and that topographic influences are not significant.
Although the exploratory geological investigations postulated a reverse
fault for the major presumed structure (paragraph 40), this was not
considered tenable in light of the regional mapped faults, which were
all normal. Therefore, the reconstructions assumed normal faulting.
Also, the reconstructions assume that the small fault is a landslide or
slump feature; therefore, in each reconstruction the slumped block is

shown in i{ts preslump position.

49,

Figure 24 is a restored ssection under the dam which is "hung”

or aligned on marker horizons 13 and 14.

This cross section represents

the geology prior to offset of horizons 13 and 14.

The section indicates

that the assumed fault existed prior to the extrusion of the flows lying

above horizone 13 and 14,

This is apparent from the offset of horizons 15

and 16 and 17 and 17A.

Note, however, that the sense of movement of hori-

zons 15 and 16 and 17 and 17A 1s different from that of 13 and 14 because
15 and 16 and 17 and 17A have been offset by apparent reverse faulting.
This indicates that the direction of movement in the fault has changed.
It is also apparent that if a reverse fault had been assumed initially
and the restoration made on this basis, that horizons 15 and 16 and
horizons 17 and 17A would still exhibit an opposite sense of movement
from horizons 13 and 14. Thus, the original assumption that flows 12
and 13 have been cut out by a fault {s untenable.

50. Pigure 24 is a restored cross section "hung” on marker
horizons 15 and 16. This section shows that prior to the presumed

44
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faulting of flows 14 and 15, movement on the fault had displaced marker
horizon 18 and flows 16 to 18, and that the sense of movement was normal
in both cases. These relative movements indicate that the assumption of
faulting of flows 14 and 15 could be correct.

51. The reconstructed cross sections (FPigures 24 and 25) as well
as the original, unmodified section demonstrate that there is a signif-
icant difference in thickness of flows 17 to 18 on either side of the
presumed fault. Boring DDH~16 on the left side of the presumed structure
gives a thickness of approximately 26 ft; whereas, the thickness on the
right side from boring CDH-196 1is nearly 44 ft. Generally, this difference
in thickness supports the presence of a normal fault since the thicker
section is on the down-dropped side.

Structural contour and isopach maps
52. The tabulation below gives the marker horizons upon which

structural contour maps were prepared and the flow units for which

isopach maps were made: .

Structural Contour Map Isopach Map
Marker Horizon Figure Interval Figure
12 35 - -~
13 34 - —
14 a3 - ~
15, 15A 32 -~ —
16 31 — -
17 29 16-18 30
17A 28 — -
18 26 17A-18 27

53. The structure and isopach maps described below were logically
contoured and generally do not reflect interpretation. Figure 26 is the
structural contour map of the basal sediments surface (marker horizon 18).
The closely spaced contour lines trending approximately 1500 ft west
from the dam center line 1is the presumed fault. The map has been
logically contoured without interpreting faults; therefore, the position
of the presumed fault is indicated by a steep surface of the basal
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sediments, (If the map had been drawn on the hasis of an established
fault, the contour lines would stop on the fault line.) Note that the
spacing of the contour lines open up within 100 ft east of the daw and
also at s point spproximately 1500 to the west, indicating that if a
fault is present at the dam, the displacement considerably decreases
beyond the area of closely spaced contour lines.

54. The interpretation of a logically contoured map must consider
and distinguish between anomalies, which are either structural or topo-
graphic or both. Thus, the 1500 ft of closely spaced contours could be
either a fault line (structural), a cliff or bluff line (topographic),
or a fault line scarp (structural and topographic). At least one and
possibly two other features shown on the map are probably topographic.
One of these features is "hill"” 4911 on the left abutment upstream; the
other feature is the smaller "hill" 4905 on the dam center line near the
landslide feature. Also, the topographic rise indicated by "hill" 4905
may, in part, explain the occurrence of the landslide. That 1s, the
incision of Willow Creek at this point resulted in the exposure of this
hiil, and thus, a significant portion of the canyon at this point was
cut into the basal sediment. Because the clays and sands of the basal
sediments were more susceptible to aliding than the overlying flows,

: failure of these sediments resulted. !
i 55. Figure 27 is a logically contoured isopach map of the :
interval 17A~18. This map shows that the thickness of this interval
ranges from a minimum of nearly 1 ft to a maximum of approximately

48 ft. This map reflects the topography on the basal sediments to the
extent that the mapped interval appears to thin somewhat in the area of
"hill"™ 4911; also, there is a distinct thickening to the north. Along
the presumed fault line there is an apparent thinning that is partic-
ularly evident to the west. The area of thinning could reflect the
upthrown side of a fault; whereas, the thickening would represent the
downthrown side. However, the changes in thickness could also reflect

topography.
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56. Figure 28 is the structural contour map prepared for marker
horizon 17A. This map also suggests the presence of higher topography
in the vicinity of "hills" 4911 and 4905. At the dam center line and to
the west there is an apparent steepening of the surface along the trace
of the presumed fault.

57. Figure 29 is the structural contour map of horizon marker 17.
This surface is similar to that of marker horizon 17A. Generally, the
map indicates a surface dipping to the north.

58. Figure 30 shows the isopach map of interval 16-18. The
apparently anomalous thinning along the western portion of the presumed
fault trace is not continuous along the trace and is not present to the
east, upstream of the dam center line. The nonalignment of the thinning
anomaly with the trace of the fault near the dam center line could be
explained by a flatter dip on the fault plane here relative to the dip
downstream of the dam.

59. The structural contour map of marker horizon 16 is shown in
Figure 31. The highest elevation, 4975 ft, is located in the general
area of "hill" 4911 on the basal sediments surface; a low of 4862 ft
occurs in the right abutment. It is apparent that there is no anomaly
that conforms to the fault trace. If a fault has cut this surface,
erosion has removed the scarp. Note the draw or valley in the right
abutment upstream of the dam center line. This feature may be an indi-
cation of ancestral valley in the right abutment in which later accumu-
lated the channel gravel and the intracanyon basalt. The anomalous form
of the contour lines of the dam center line and south of the fault trace
probably reflects the landslide feature.

60. The structural contour map of marker horizons 15 and 15A
(combined) is shown in Figure 32. Although the amount of borehole
control is diminishing for the upper marker beds, the map does not show
any structural relationship between the surface of horizons 15 and 15A
and the trace of the presumed fault. Note that the draw in the right

abutment 1is still evident.

Reproduced From
Best Available Copy
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61. Figure 33 is the structural contour map of marker horizon 1l4.
The elevations range from a high of 5047 ft near "hill" 4911 on the
bagsal sediments to a low of 4904 ft on the downstream, right abutment,
Although borehole control is limited, the contours show the draw on the
right abutment. There are no indications of anomalies that could be
related to the fault trace.

62. The structural contour map of marker horizon 13, showm in
Figure 34, provides no information on the central part of the canyon
since the incision of the canyon by Willow Creek has removed this material.
The map does show the sides of the draw established in the right abutment.
The slopes on the sides of the draw are also shown on the structural
contour map of marker horizon 12 (Figure 35).

63. The integration of data derived from the structural contour
and isopach maps with information derived from the examination of fleld
relations does not support the existence of faults in the foundation.

The abrupt change in strike of the major offset (Fault 1) downstream

from the dam, the significant topographic variation on the basal sedi-
ments and younger surfaces, the inability to reconstruct rational prefault
conditions, the lack of sheared or gouge zones, and the presence of
landslides strongly support the conclusion that the identified offsets

in the foundation are topographic and that there are no active or capable
faults at the damsite.

Regional Faulting

64. This section of the report will describe the significance of
geologic structures beyond the damsite. The analysis of these struc-
tures was based upon published information, geologic maps, and primarily
upon interpretations of USGS data on young faults in the area.

65. FPigure 36 shows the location of young mapped faults in the
study area. This is a modification of USGS Map MF-916, "Preliminary Map
of Young Faults in the United States as a Guide to Possibla Fault Activity,
Miscellaneous Field Studies" (Howard et al., 1978). Figure 36 also shows
the earthquake epicenters.
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Figure 36. Young mapped faults and earthquake epicenters
(from Howard et al,, 1978)
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66. Those faults that would be of principal interest with respect
to activity or capability are those along which movement has occurred
during historic, Holocene, and late Quaternary times, labeled respectively
1, 2, and 3 on the map. The fault map shows that only one fault exhibited
historic movement; however, numerous faults exhibi{ted movement during
Holocene and late Quaternary times. Also, the map does not show any
strong apparent correlation between faulting and earthquake epicenters.
In the absence of information on recurring movement for those faults of
late Quaternary age, the following discussion of significant faults will
be limited to historic and Helocene faulting.

67. Historic faulting occurred in the Hebgen Lake area approxi-
mately 150 km north-northwest of the site during the 17 August 1959
Hebgen Lake earthquake (M = 7.1).

western Montana; along the northeast side of the Snake River graben; in

Holocene faulting occurred in south-

the vicinity of the earthquake cluster along the Utah~Idaho border; and
at several locations on the Snake River Plain. Pertinent information on
these faults is given in Table 1.

Table 1

Regional Historic smd Holocens Faulting

Closest Distance

Faulc

MaxImum Theoretic

Fault Location to Rirte (km) Length (km) Age® Earthquake Magnitude
Mebgen Lake SW Montana 150 ~25 Riscoric 1.0
Red Rock Creek SW Montana 120 60 Holocens 7.4
Grand Valley 3nake River graben 20 110 Holocene 1.7
Unnamed Utah=Idsho border 180 -8 Holocene 6.6
Unnamed Sneke River Plain 60 ] Holocene 6.6
Idaho Rift syste. Snake River Platn 140 29 Holocene 7.0%*
-

# Age based upon mep by Howsrd et al (1978).

%% This magnitude 1s unrealistic in terms of the geologic envirorment of the rift system.

A more rsasonable

value is in the range of magnitude 5.0 to 5.5.

68.
the site is dependent upon the location of the fault with respect to the

The significance of these faults to the seismic evaluation of

site, the fault length and potential size of earthquake generated, and

the degree of reliance placed on the evidence that the fault is, indeed,
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active or capable. Also, these factors must be correlated with historic
seismicity as well as with the geology of the area in question.

69, Based upon the consideration of the factors given above, the
Hebgen Lake and Red Rock Creek faults in southwest Montana, the Crand
Valley fault along the Snake River graben, and the unnamed fault along
the Utah-Idaho border are considered most significant with respect to
size, local seismicity, or nearness to the site. Those small faults
located on the Snake River Plain are not considered to significantly
affect the Ririe Dam site,

70. The Hebgen Lake and Red Rock Creek faults are both in areas
of high seismicity, which appear to be reasonably distinct zones. The
unnamed fault along the Utah~Idaho border also occurs in an area of
numerous earthquakes.

71. The most significant fault is the Grand Valley fault system
located east of the site. Although no macroearthquakes can be positively
associated with this system, its length and nearness to the site indicate
that its potential for generating earthquakes must be considered.

72. Figure 37 shows the details of the Grand Valley fault system.
This illustration was prepared from the previously mentioned USCS Map
MF-916 (Howard et al., 1978) and USCS Open~File Report 75-278 entitled
"Preliminary Map Showing Known and Suspected Active Faults in Idaho"
(Witkind, 1975). This latter publication was the working document upon
which the Idaho portion of MF-916 was based.

73. Discussions with various USGS personnel were conducted to
determine the basis for the Holocene age of the Grand Valley fault.
Generally, the results of these discussions were that the determination
of fault age was subjective and was not based upon definitive strati-
graphic or seismological evidence. Furthermore, one basis for the age
was the occurrence of small earthquakes in the Caribou Range some 20 km
west of Palisades Reservoir. These sarthquakes were believed to have
been induced by the reservoir, and the Grand Valley fault, which occurs
along the north side of the reservoir, was believed to have been active.

A discussion of reservoir-induced seismicity at Palisades Reservoir is
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given in PART IV. However, earthquakes in a reservoir area would not,
according to CE criteria, require that faults in the area be considered
active or capable.

74. The data sheet that describes the Crand Valley fault and that
provides available information for the classification of faults shown on
the Idaho portion of MF-916 was also examined. The data sheet indicated
that the fault had a high susceptibility for generating earthquakes
although there were no known surface breakages. The age of the fault
wvas given as late Cenozoic. DNote that the age of the fault i{n Figure 37
is Holocene. This discrepancy in age may be due to error or to the
belief that Palisades Reservoir has induced seismicity on the fault.

The examination of USGS Map MP-287 (Jobin and Schroeder, 1964) which
shows the geology of Swan Valley southeast of Palisades Reservoir
reveals that in this area the Grand Valley fault is covered by Quater-
nary alluvium and is Tertiary in age.

75. In order to obtain further information on regional faulting,
aserial reconnaissance of the Ririe area was conducted using low sun
angle observations. The primary purpose of this work was to examine the
damsite and Snake River graben area in order to determine whether fault
offsets could be detected. These observations revealed no conclusive
evidence for recent fault offsets on the Grand Valley fault flanking the
graben nor at the damsite. However, aerial observations revealed the
presence of subdued scarps along the northern extension of the Heise
fault (Figure 37) on the Snake River Plain; this extension of the Heise
fault is the Rexburg fault. These scarps or offsets could not be traced
to the Heise fault and none were seen along the mapped trace of the
Heise fault. The observed scarps were evident for a distance of approx-
imately 10 km.* Williams and Embree (1980) trenched the Rexburg fault
at a location approximately 2.8 km south of Rexburg and found faulted

# David B, Slemmons, Consulting Geologist, personal communications.
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middle to late Pleistocene deposits underlying unfaulted late Pleisto-
cene alluvial sediments. The older deposits were offset 1.6 m. No
Holocene movement was indicated.

76. Overall, the review of regional faulting did not reveal faults
that could conclusively be classed as capable according to ER 1110-2-1806
(0Office, Chief of Engineers, 1977), that is no observed movement within
the last 35,000 years, no seismicity, and no association with a known
capable fault. Although these regional faults are not capable according
to this definition, their relatively young age, uncertainty as to exact
age, and nearness to the damsite must be considered in the determination

of maximum earthquakes.
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PART IV: SEISMICITY

General

77. Ririe Dam is located i{n the Intermountain Seismic Belt (ISB);
the relations between seismicity and tectonics in this area have been
described by Smith and Sbar (1974). The ISB is a region of high seismicity
and is classed by Algermissen (1969) as a zone of major damage (Zone 3).
Greensfelder (1976) has examined the tectonics and seismicity in Idaho
and determined the maximum probable bedrock accelerations for the state.
The work of Smith and Sbar (1974) and Creensfelder (1976) will be related
to this study in subsequent sections of PART IV and in PART V of this
report.

78. This part of the report will provide information pertaining
to the historical earthquake record, levels of seismicity, locations of
earthquake events, concentrations of activity, recurrence, attenuation
of seismic energy, and potential for induced seismicity. This information
plus that determined from studies of the geology and faulting will form
the basis for the selection of the design earthquakes presented in
PART V.

Historical Earthquakes

79. The identification of a radius of interest for which historic
earthquake information is needed is site-dependent; specifically, the
area of investigation is inversely proportionsl to the level of seismic
activity at cr near the site and the presence of active or capable
faults at or near the site. At Ririe Dam the known earthquake activity
is relatively low and there are no known active or capable faults,
Therefore, the radius of investigation must extend considerably beyond
the site., This distance should include all earthquake sources or source
areas that are believed to possibly affect the site. Since the largest

earthquake event in the region was the Hebgen Lake earthquake in West
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Yellowstone and the area of highest seismicity is the Yellowstone National
Park (YNP) area, a radius of 200 km was selected to incorporate the area
of investigation.

8C. The basic data on historical seismicity was obtained from the
following sources: (a) Earthquake History of the United States (Environ-
mental Data Service 1973), (b) United States Earthquakes, 1971-76
(Environmental Data Service 1973-78), (c¢) National Oceanic and Atmo-
spheric Administration (NOAA) computer printouts, and (d) NOAA
computer-printed epicenter map. Source (a) 1s a compilation of earth-

quake events and their descriptions through 1970; source (b) is a yearly
compilation through 1976. Both sources (a) and (b) contain data that
have been carefully reviewed and refined. Source (c) is a computer
listing of earthquakes in the geographic area (200 km from the dam)
retrieved from NOAA's eafthquake data file. This source provides infor-
mation on more recent events; however, the data has not been subjected
to rigorous review.

81. The first step in the analysis of the seismicity is to prepare
a list of earthquakes. This list includes all detected events greater than
or equal to Modified Mercalli (MM) intensity IV or magnitude 3.0. The
table is the base from which the recurrence is determined. Appendix B
contains the earthquake list for the area within 200 km of Ririe Dam.
The first entry in the list is for the year 1880 and the table includes
1977 activity., The examination of the table reveals an apparent increase
in seismic activity with time. This appearance is believed due to low
population density in the early years of settlement and the increase in
the number of seismograph stations capable of detecting events in the
area.

82. The NOAA computer-printed epicenter map is shown in Figure 36.
The epicenter map shows that the areas of higher seismic activity are
the Yellowstone National Park region and an area to the south of the

site on the Utah-Idaho border. The Snake River Plain is seen to be

relatively aseismic as is the site itself. However, one event having a

magnitude less than 6.0 is located a few kilormetres south of the site.

69

MTie s TR ¢ BLCTTN ey L W )




Frpraern. ¥ L P o L R L S

L Yy

-

- ——

-
’ - - . -
- - s * T

No further information regarding this event could be found. Further to
the south in the Middle Rocky Mcuntains and Basin and Range Provinces,
there are numerous low magnitude events.

83. The second step in thc analysis 1is the comparison of the
significant events given in Table 2 with those showm on the epicenter
map (Figure 36). Significant earthquakes are those events having epi-
central intensities equal to or :reater than MM VII. MM VII or
magnitude 5.5 earthquakes are th. lower limits for earthquakes that
could produce damage to structure-. Thirteen significant events have
occurred. Three of these are loc. . along the Utah-Ideho border, and
the rest are located in Yellowstor ‘itional Park and vicinity. These

events are shown in Table 2 and are described in subsequent paragraphs.

Significant Earthquakes

84. The following is s general summary of the significant earth-
quakes that have occurred within a radius of 200 km of the site (see
Table 2).
11 Nov 1905

85. This MM intensity VII event occurred near Shoshone, Idaho,
and was felt in southern Idaho, northern Utah, and esstern Oregon.
Minor damage occurred at Shoshone. This event was located approximately
235 km southwest of Ririe Dam on the Snake River Plain and is not shown
on the earthquake epicenter map (Figure 36), nor on the master earthquake
list (Appendix B) since it lies beyond 200 km of the site. However, the
event i3 significant because it is the largest event to occur on the Snake
River Plain and is, therefore, important in the identification of the maxi-
mum credible earthquake to occur on the Snake River Plain.

13 May 1914

86. This MM intensity VII event was felt over an area of 8000 sq mi.
Windows were broken and chimneys were toppled at Ogden, Utah, and it was
felt at Salt Lake City, Utah. Movement on the Wahsatch fault near the
Utah-~1daho border is believed to have resulted in this earthquake. No
ground breakage was reported.
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23 Nov 1947

87. This event occurred in central Madison County, Mont., and had
a magnitude of 6.2 and epicentral MM intensity of VIII. The event wvas
felt over an area of 150,000 sq mi and produced considerable damage
locally. No ground breakage was reported.
17 Aug 1959

88. The Hebgen Lake, Mont., earthquake having an MM epicentral
intensity of X and a magnitude of 7.1 was the largest event recorded in
the study area. This event was felt over 600,000 sq mi and produced
much damage and loss of life locaily. Minor damage also occurred in
northeastern Idaho and northwestern Wyoming. Approximately 150 after-
shocks were reported in the Yellowstone National Park area; included
among these were the events listed below.
18 Aug 1959

89. On this date five significant aftershocks from the Hebgen
Lake earthquake occurred, Three aftershocks occurred in Yellowstone
National Park. Two of these events had magnitudes of 6.5 and the third
had a magnitude of 6.0. One magnitude 5.5 event occurred at Hebgen
Lake, and a magnitude 6.0 event occurred approximately 40 km to the west
of Hebgen Lake.
30 Aug 1962

90. This magnitude 5,7, MM intensity VII event originated on the
East Cache Valley fault located approximstely 25 km south of the Utah-
Idaho border. Landslides occurred and damage was estimated to be over
$1,000,000.
21 Oct 1964

91. This rather low intensity event produced some modest damage
in its epicentral area near Hebgen Lake, Mont.
27 Mar 1975

92. This event occurred in the Pocatello Valley approximately
25 km gsouthwest of Malad City, Idaho. The earthquake exhibited an
epicentral MM intensity of VIII and a body-wave magnitude (Hb) of 6.1.
The event was preceded by a magnitude 4.4 foreshock and was followed by
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approximately 14 aftershocks. No surface faulting was evident. Damage
was valued at approximately $1,000,000.
30_Jun 1975

93. This MM intensity VII, magnitude 5.6 (Mb) event occurred in
Yellowstone National Park and was felt of an area of 50,000 sq km.
Damage was generally minor, although numerous landslides occurred in the
National Park.

8 Dec 1976

94. This earthquake having a magnitude (Hb) of 5.5 and an MM
intensity of V also occurred in Yellowstone National Park. Very minor
damage was produced.

95. A magnitude 6.0-6.9 event located at coordinates 44.75° N.
Lat. and 111,75° W. long., 13 given on the NOAA epicentral map. No
collaborating information could be found for this event.

Seismic Zonation

96. Seismic zonation is the identification and delineation of
zones or regions which, based upon their geologic, structural, and
seismic nature, exhibit distinct and different earthquake characteristics.
The nature and characteristics of the individual seismic zone includes
active and capable faults, earthquake size, and earthquake recurrence.
The use of seismic zones is based, therefore, upon the recognition that
the region 1is composed of distinct seismic source areas.

97. Although observation of the data on the epicenter map strongly
suggests that the area within 200 km of the site 18 not at all uniform,
the analysis of recurrence data* confirms the variations. Figure 38 is
a plot of recurrence curves for areas within 75, 100, 160, and 200 km of
the site. Cenerally, these curves demonstrate that the level of seis-
micity increases with the size of the area. At distances less than
75 km from the site, there was insufficient activity to construct a

* Recurrence curves for the seismic zones as well as definitions are
given in the next section.
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recurrence curve. The use of this arbitrary, geographical zonation
demonstrates in a semiquantitative manner the need for development of a
rational seismic zonation incorporating geological and structural data
to designate areas of distinct seismic character,

98. Three seismic zones were established and are shown in
Figure 39. The two areas of more concentrated seismic activity were
delineated as zones A and B. These zones include all of the historic
events within a 200-km radius of Ririe Dam, except for a few isolated,
scattered events. The zones cannot, therefore, be interpreted as being
rigid or fixed seismic zones, but rather can be interpreted as general
seismic zones whose effects can be related to the Ririe Dam area.

Zone A encompasses the general area of Yellowstone National Park and
portions of western Montana. Zone B includes those areas of earthquake
activity south of site including the area on the Utah-Idaho border.
Zone C includes the site and adjacent areas not in Zones A or B.

99, Zone A, the most obvious of the three zones, appears to
exhibit the highest level of seismicity. The largest earthquake events
in the zone are confined to a relatively narrow band approxirately
100 km long and approximately 40 ki wide. The overall scismic activity
appears to be rather evenly distributed, however, across rather diverse
geologic structures including the Morthern and Middle Rocky !Mountain
fold belts and volcanic terrane of Yellowstone National Park. The
closest approach of Zone A to the site is approximately 105 kr.

100, Zone B 1is somewhat less well-defined seismically than Zone A,
even though the geology and structure are less diverse. Zone B includes
a portion of the Middle Rocky Mountains Province to the west and southwest
of the damsite and a larger area to the south in the Basin and Range
Province. This zone extends to within approximately 40 km cr so from
the damsite. Note that this zone has not been drawn to include the
Snake River graben area southeast of the site since there have been no
recorded earthquakes in this area. However, the Snake River graben area
is geologically similar with respect to type of faulting to the Basin

and Range Province.
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101. The seismicity in Zone B includes earthquake events occurring
in a broad band extending southwest of the Snake River graben to the
Utah~Idaho border. The area of greatest seismic activity occurs at the
southwest terminus of the zone and includes both the 1962 Cache Valley
and 1975 Malad City events (see Table 2). GCenerally, the seismicity
becomes less pronounced from this area toward the northeast and toward
the north at the damsite. This large area of rather diverse seismicity,
particularly with respect to earthquake size, {3 considered to be a
meaningful and conservative seismotectonic entity because of the generally
limited information on capable faults and limited historical earthquake

coverage throughout this area. It 1is apparent that a less conservative
approach to regional zonation would be to subdivide Zone B into two
zones, one cf which would include the general area of the Malad City and
Cache Valley earthquakes along the Utah-Idaho border and the other zone
including the area of rather low level seismicity to the west of the
Snake River graben and south of the site. However, such a subdivision
would imply that there was sufficient evidence to conclude that the
Cache Valley and Malad rity type events could not occur any closer to
the site than this general area of the Utah-Idaho border. Furthermore,
there would be the implication that the Snake River graben is conclusively
not a source of earthquakes. Both implications may be too uncertain,
therefore, for such a subdivision, and conservatism requires that these
two subareas be included in the same zone. This conservatism may be
lessened somewhat by not requiring the maximum earthquake for this zone

to "float" closer to the site than the radius of the near field for this

event.
Recurrence
102. Recurrence curves were constructed for Zones A and B. These
curves (Figure 40) demonstrate the relation between an event of a given

size and time. Recurrence curves provide the following information:

(a) the curves show the frequency of occurrence of a particular event; ;
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(b) the relative smoothness of the curve is indicative of the sufficiency
and reliability of the data; (c) the curves provide a basis for comparing
two or more zones; (d) in conjunction with geologic and structural data,
the curves may be used to identify maximum earthquakes; and (e) the
curves form the basis for statistical evaluation.

103. The recurrence curves are both relatively smooth indicating
that the data base 1is sufficiently large with respect to the number of
events and number of years considered and that reliable information may
be obtained from them, However, there is no indication of a steepening
of the slopes toward higher magnitude values; such a steepening would
more readily lend itself to the determination of maximum earthquakes.

In the absence of steepening and without geological evidence of active
or capable faults, the determination of maximum earthquakes must be
gomewhat arbitrary.

104. The recurrence curves developed by Creensfelder (1976) for
ISB and the Basin and Range Province in Idaho are shown in Figures 41
and 42, respectively. Note that these curves take area into account.
Cenerally, Greensfelder's curves suggest that the Basin and Range Prov-
ince has a somewhat lower level of seismicity than the overall ISB and
that the slopes of the two curves are slightly different. The comparison
of Creensfelder's curves with thosc developed in this study reveals that
the curve for Zone A exhibits a higher level of seismicity than that of
the overall ISB and that the seismicity level for Zone B is similar to
the level in the ISB.

105. A tabulation of earthquake magnitude versus return period
for 10, 100, and 100 yr is given below for both seismic gones:

Earthquake Magaitude

Return Period, yr Zone A Zone B
10 5.6 4.8
100 7.3 6.2
1000 8.8 7.8
79
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Figure 41. Recurrence curves for ISB (Greensfelder, 1976)
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This tabulation and Figure 40 indicate that seismic activity in Zone A

is considerably higher than that in Zone B. For both zones, the data

for 1000 yr have been obtained by extrapolation. It is possible, however,
that the curves steepen sharply and turn down. Thus, the straight-line
extrapolation of these curves to higher return periods (lower recurrence)

is conservative.

Maximum Earthquakes

106. The maximum earthquake (ME) is the severest earthquake that is
believed to be possible at the site on the basis of geological and seis-
mological evidence (Office, Chief of Engineers, 1977). Maximum earthquakes
may be determined for faults which are believed to be capable and for
zones of earthquake activity. Previous parts of this report have shown
that no conclusive evidence exists for the occurrence of capable faults,
although there is some degree of uncertainty. Therefore, maximum earth-
quakes were determined for each earthquake zone (A, B; and C) primarily
on the basis of the historical seismic record and consideration of the
uncertainty pertaining to capable faults. The recurrence curves
(Figure 40) were used to establish a lower magnitude limit. The lower
limit was taken as that magnitude event which could be expected to occur
during 100 yr. This time period is approximately equal to the period of
record and somewhat larger than the expected project life. These magni-
tude values are given in the tabulation above. The maximum earthquakes,
shown below, were determined by increasing the 100~yr magnitude event in
Zone A from 7.3 to 7.5 and the Zone B event from 6.2 to 7.0:

Zone A M=7.5

Zone B M 7.0

107. These values are believed to be reasonable, conservative, and
to reflect the uncertainty which exists with respect to the earthquake
record and faulting. These maximum earthquakes may occur anywhere in
their respective zones with the exception that the Zone B earthquake may
occur no closer to the site than the radius of the near field fo} that

earthquake as defined by Krinitzsky and Chang (1977).

Reproduced From
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108. The maximum earthquake is likely to occur near the site on
the Rexburg Bench or on the Snake River Plain; Zone C must also be
congidered. Greensfelder (1976) considers that the maximum earthquake
for this area would be a magnitude 5.0 event. The size of this event
was bagsed upon the seismicity of other volcanic terranes such as Iceland.
It 18 apparent that.insufficient seismic data is available for the Ririe
Dam area to make a definitive determination. However, it seems reasonable
and conservative to consider the local ME to be an event somewhat larger
than magnitude 5.0; therefore, the local ME is arbitrarily defined as a
magnitude 5.5 event.

109, Thus, the three events (ME's) that must be considered in the
selection of design earthquakes are:

Zone A M=7,5

Zone B M=7,.0

Zone C M=5.5

110. The design earthquake will be the event that yields the
highest intensity and concomitant ground motions after attenuation to
the site. These earthquake magnitudes are considered to be conmservative
yet reasonable in terms of the structural and tectonic setting of the
area (Slemmons, 1976).

Reservoir-lnduced Seismicity

111. In certain geologic and seismological environments, the
filling of large reservoirs may induce earthquakes. Generally, only
reservoirs having depths exceeding 100 m in height and impounding over
1,000,000 acre-ft of water are considered likely to induce earthquakes
(Johnson, Krinitzsky, and Dixon, 1977). The consideration of induced
seismicity is important because this factor determines the location of
the local earthquake; that is, if the reservoir is congsidered likely to
induce earthquakes, the induced earthquake event 1s postulated to occur
at the reservoir and to produce near-field conditions.

112. The determination of susceptibility for inducing earthquakes

1s based upon three elements: (a) size of dam and reservoir, (b) capable
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faults at site, and (¢) the history of induced seiswicity at other sites

in area. The significance of these three elements at Rirle Dam is given
below.

Dam and reservoir size

113, Ririe Dam is 251 ft high and the impoundment is approximately
100,000 acre-ft, but these dimensions are smaller than those in any case
where reservoir-induced seismicity has been described.

Capable faults

114. Although the faults in the vicinity of the site are relatively
young, they are not judged to be capable or active, The absence of

capable or active faulting diminishes the prospects of induced seismicity.
History of induced seismicity

115. If the review of the historical seismicity produced evidence
that similarly sized, nearby reservoirs have induced earthquakes, there
would be a strong possibility that Ririe Lake could also induce earthquakes.
The nearest large reservoir to Ririe is Palisades Reservoir. The dam
there 1s 270 ft high and the impoundment is 1,402,000 acre-ft. Schleicher
(1975) has studied the relations between water level at Palisades Reservoir
and the occurrence of numerous small earthquakes whose center of activity
lies in the Caribou Range approximately 10-20 km to the west. These
earthquakes lie in the northern one-half of Zone B. Schleicher's data
included approximately 120 events detected between 1960 and 1969. No
data were available for prefilling conditions prior to filling of the
reservolr in 1956. Also, there is only minor microseismic monitoring
data; this area of the Caribou Range was monitored for a month in 1966
and a few days in 1969. Such short periods of time are usually insuf-
ficient to establish meaningful relationships (Patrick, 1977).

Schleicher's (1975) study revealed, however, a fairly strong apparent
correlation between water level in the reservoir and the number of
earthquakes; generally, the greatest occurrence of events coincided with
extreme high or low pool elevation. Schleicher concluded that the
regervoir may have triggered movement on the faults that bound the Snake
River graben (see Figure 35).
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116, The supposition that Palisades Reservoir has induced earth-
quakes 1is beset with difficulties, primarily with respect to the data
base and the locations of the suspected induced events. As previoualy
mentioned, the absence of prefilling data poses serious interpretative
problems. The locations of the suspected induced events seem exceedingly
distant from the reservoir to be related to water level changes and
movement on the boundary faults at the dam. It would appear that the
evidence supporting induced seismicity at Palisades Reservoir 1is
nonconclusive.

117. American Falls Reservoir, located on the Snake River plain
approximately 125 km southwest of Ririe Dam, is in an extremely aseismic
area; no earthquakes have been reported within 50 km of the dam. The
height of the dam is 94 ft and the impoundment is 1,7Q0,000 acre~-ft,
Blackfoot Reservoir (height, 49 ft; capacity, 413,000 acre~ft) and Grays
Lake (height, 12 ft; capacity, 40,000 acre-ft) are located south of
Ririe, and neither have induced earthquakes,

118. The significance of whether Palisades Reservoir has induced
seismicity may not be very meaningful, since this dam is situated in an
area of considerably different geological and seismological character
than that of Ririe.

119. The absence of seismicity at American Falls, the small size
of Ririe, the apparent absence of seismicity during the filling of
Ririe, the absence of capable faults, and the overall lack of seismicity
in the reservoir area indicate that induced seiswicity is not to be
expected at Ririe.

120. Thus, the local Zone C as well as the Zone B event earthquake
should be located no closer to the dam than the limit of the near fields

for these events.

Focal Depth and Mechanisms

121. Smith and Sbar (1974) have presented information on the
focal depths, mechanisms, and tectonic association of earthquakes in the

Intermountain Seismic Belt. CGCenerally, most of the earthquakes in this

85

|
\
!
|

T T i e e W T T T




A B A T R B wmEW h o W -

- -‘-—-*--ﬂ--«‘-j

- L I

ares occur at focal depths less than 20 ke and many occur at less than
10 km. Mechanisms of faulting determined from fault plane solutions are
known for some earthquake events in limited areas.

122. In the Hebgen Lake-Yellowstone National Park area (Zone A),
fault plane solutions for the 1959 Hebgen Lake earthquake indicated dip
slip movement, which was in sccord with observed surface displacements.
The mechanism for the 1964 event in the area was strike slip. Fault
plane solutions have been made for aftershocks of the Cache Valley
earthquake along the Utah-1daho border (Zone B). These data indicate
normal faulting with focal depths of 3 to 16 km.

86




byt

R

—— e

A . A v e ens < e

PART V: DESIGN EARTHQUAKES
General

123, Having established the maximum earthquakes and their
locations within their respective zones, the next step in the analysis
i{s the determination of the expected ground motions (particle accelera-
tion, velocity, and displacement) at the site caused by these maximum
earthquakes. The design earthquake will be that which produces the
largest motions at the site. Generally, site ground motions can be
determined by two methods; one method involves empirical relations
between magnitude, distance from earthquake, and acceleration (Schnabel
and Seed, 1973). This methodology is widely used in the western United
States, particularly in California. The second method involves the
attenuation of intensity and the correlation of ground motion with the
attenuated intensity (Xrinitzsky and Chang, 1977). Both methods will be
given below.

Attenuation

124, The attenuation of seismic energy from a source area to a
given point of interest is a complex determination. The attenuation
that occurs is a function of the source mechanisms (type of faulting,
magnitude, frequency content, etc.), nature of the path (atructure,
lithology), and the geology of the site, Ordinarily, there is insuffi-
cient information available concerning these variables to precisely
define the amount of attenuation that will occur. In the absence of
site-specific information, attenuation is based upon empirical data
relating intensity to distance for the general region. Empirical curves,
such as those given in Krinitzsky and Chang (1977) for the western,
central, and eastern United States, may be used; presumably the curves
for western United States would be applicable for the Ririe, Idaho area.

125, The attenuation curves for the western United States are

shown in Figure 43. These curves are based upon MM intensity. The
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equivalent epicentral intensity and radius of near field for given

earthquake magnitudes are given below (Krinitzsky and Chang, 1977):

Richter Magnitude (M)

8.0
7.5
7.0
6.5
6.0
5.5

126.

MM Maximum

Intensity

(1)

X1
X1

X

IX
XIII
VII

Radius of
Near Field (km)

45
40
35
25
15

The applicability of the western United States attenuation

curves was verified by studies of attenuation exhibited by the Hebgen

Lake, Cache Valley, and Malad City events.
maps for these three events are shown in Figures 44, 45, and 46,

The respective isoseismal

Inten=-

sity information was extracted from each isoseismal map along a line

extending from the epicenter of the particular event to Ririe.

Figure 47

is a plot of these intensities versus distance for the three events.

127.

Table 3 shows the comparison between attenuations derived

from the isoseismal maps and attenuations determined from curves for the

Table 3

Comparison of Intensity Values Derived from

Isoseismal Maps with Values Taken from Attenuation

Curves for the Western United States

Event

Hebgen Lake,
M=7.1, Io = X

Near Pileld® = 40 km

MM Intensity

Distance Isoseismal
kan Map
25 Near Field
50 VII - VIII
75 VI - VII
100 VI - VII
175 V- VI
(Continued)
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Near Field
VII - VIII

VII
VI - VII
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P' Table 3 (Concluded)
t
MM Intensity
Distance Isoseismal Western
L Event km Map U. S. Curves
‘ Cache Valley 25 V-Vl VI
. M=5.7, Io - VII 50 IV -V v
R Near Field® = 15 km 75 11T - 1V v
v 100 Not felt -
2 175 Not felt -
o ¥alad City 25 VI - VII vII
& M=6.1, Io = VIII, 50 v vl
3 Near Field® = 25 km 75 Iv-v v
o 1c0 1II - IV v
4 175 Not felt -

western United States. The examination of the table reveals that the

attenuation of seismic energy for these three carthquakes was typical

for the western United States and indicates that the empirical attenu-~
ation curves for the western United States (Figure 43) are appropriate
for the Ririe area.
’1 128. The ME's epicentral intensities, site intensities, and
i distances to the site are given below for each zone:
I Epicentral Cistance from Cite
Zone ME(M) Intensity (MM) Zone to Ririe (km) Field Intensity (MM)
A 7.5 X1 105 Far VII-VIII
r B 7.0 X 40 Far VIII~-IX
c 5.5 VIl 15 Far VI-VII

; 129. The field conditions for all three events are considered to
be far field. Note that the limits of Zone B are approximately 40 km
from the site. The Zone B event was placed at the near-field radius

oy because there was no compelling reason to suspect activity at the site.
Thus, in the absence of active or capable faults and induced seismicity
at the site, the events should be located no closer to the site than the
near~-field radius.

e

94

— - St S

.‘
33
g

B
.
F
.

oy
Kewd ...



it e

2

S

o Y x,u.*é',wu’v I P

Earthquake Ground Motions

130. Bedrock accelerations for the state of Idaho have been
determined by Greensfelder (1976) who believed that earthquakes would
occur on the mapped young faults. Using recurrence data he determined
himself, recurrence data of Smith and Sbar (1974), western United States
attenuation rates, and probability analysis, Creensfelder determined the
maximum probable magnitudes and accelerations for the tectonic provinces
of Idaho. Greensfelder's study did not involve earthquakes originating
in the Yellowstone National Park (Zone A of this study).

131. Figure 48 is a map showing Greensfelder's (1976) maximum
probable rock accelerations for the Ririe area. These acceleration
values shown have a probability of exceeding of 10-4/yr. The maximum
earthquake was considered to be magnitude 6.5 in nonfaulted areas and
magnitude 7.0 along major faults. Greensfelder assumed that the faults
bounding the Snake River graben were capable of producing earthquakes.
Such an interpretation resulted in the high acceleration values at Ririe
of approximately 45 percent g and 75 percent g on the faults. The
shaded area southeast of Ririe in the Caribou Range could expect a
randomly distributed event producing accelerations of approximately
75 percent g. The shaded area is the region of suggested reservoir-
induced seismicity.

132, Greensfelder's (1976) acceleration values are not considered
to be applicable to Ririe Dam mainly because it is not believed that
either of the faults bounding the Snake River graben 1s active or capable.
Another reason pertains to Greensfelder's magnitude 6.5 maximum earthquake.
Such a value seems too low when one considers that the Mzlad City event was
magnitude 6.1. Recall from paragraph 105 that for Zone B a magnitude 6.2
event exhibited a return period of approximately 100 yr. Thus, even
though the mapped acceleration values for the magnitude 6.5 event exhidit
a low probability value (10-4/yt), they may not, in fact, be particularly
conservative.

133, Greensfelder's (1976) procedures also do not adequately
distinguish between the near and far fields. The near-field radius for
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Pigure 48. Maximum probable rock acceleration for the Ririe Dam area

(Greensfelder, 1976)
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a magnitude 7.0 event on the Grand Valley fault would be 40 km. The
near field would then include the damsite at Ririe, and the ground
motions could easily be higher than the 45 percent g shown on Greens-
felder's map.

134. The following procedures for determining ground motions
(acceleration, velocity, and displacement) are empirical in nature and
are based upon the expected site intensity from a maximum earthquake
originating in a particular zone or source and upon tabulated relations
between intensity and ground motion. Charts relating intensity and
ground motions have been developed by Krinitzsky and Chang (1977).
Figures 49, 50, and 51 show the relations between intensity and acceler-
ation, velocity, and displacement, respectively. Current practice at the
U. S. Army Engineer Waterways Experiment Station (WES) requires that the
line denoting 80 percent of observed data be used.

135. The tabulated values for peak, horizontal ground motions at

the site for events in the respective earthquake zones are given below:

Site Acceleration Velocity Displacement
Zone Intensity (MM) (g) (cm/sec) (cm)
A VII - VIII 0.22 32 20
B VIII - IX 0.28 40 23
c VI - VII 0.16 25 15

136. The relations between intensity and duration of strong
motion (bracketed acceleration > 0.05 g) are shown in Figure 52. The
value for duration will be approximately 10 sec, specified for hard rock
under the embankment.

137. The determination of peak ground motions may also be derived
using relations between magnitude, distance, and acceleration or velocity.
Schnabel and Seed (1973) and Nuttli (1979) methods were also used to
determine ground motions and are given below. The Schnabel and Seed
(1973) method gives average values of maximum peak acceleration and the
Nuttli (1979) technique involves determination of maximum sustained

ground acceleration and velocity and their equivalent peak motions:
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Figure 49. Acceleration versus MM intensity in the far field (1Q percent
increments between the mean (50 percent) and the 1limit of ob-
served data (100 percent) (Krinitzsky and Chang, 1977))
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observed data (100 percent){Krinitzsky and Chang, 1977))
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Figure 52. Duration versus MM intensity in the far field

(Krinitzsky and Chang, 1977)
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Schnabe! and Sced (1973)

Zone Peak acceleration (g)
A 0.07
B 0.20
C 0.19

Nuttli (1979)

Zone Peak acceleration (g) Velocigie?:m/sec)
A 0.09 18
B 0.21 26
C 0.13 4

138. The ground motions shown above may be compared with those
shown in paragraph 135 which were determined by the Krinitzsky and Chang
(1977) method. The latter method 1s seen to give somewhat higher values
since motions were obtained using 80 percent of observed data. The
motions determined by the Krinitzsky and Chang method appear reasonable.
and conservative and will be used for the determination of design earth-

quakes in the following section.

Design and Operating Basis Earthquakes

139. The design basis earthquake, the event through which the dam
must maintain its functional integrity, is the Zone B earthquake. These
motions are free field. A recapitulation of the data for this event is

given below:

Magni- Io Distance to Isite Accel. Velocity Displacement
Zone : _tude (M) Ririe, km (MM) g's cm/sec cm
B 7.0 X 40 VII-IX 0.28 40 23

(Durafion on hard rock = 10 sec)
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140. The operating basis earthquake, the event through which the
dam must maintain an operational status, would be the Zone C event

below (Again, these motions are free field.):

Magni- Io Distance to Isite Accel. Velocity Displacement
Zone tude (MM) Ririe, km (MM) g's cm/sec cm
C 5.5 VII 15 VI-VII 0.16 25 15

(Duration on hard rock = 10 sec)
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PART VI: SUMMARY AND CONCLUSIONS

l41. The evaluation of site geology based upon field observations,
reexamination of boring logs, core drilling, aerial photography, and
structural contour and isopach mapping resulted in the conclusion that
subsurface offsets under the embankment were interpreted as landslide
and topography-related rather than as faults. The evidence for the
nontectonic origin of the offsets includes the following: (a) extensive
modern landslides along Willow Creek, (b) topographic evidence for
landslide on left abutment prior to the alluviation of Willow Creek,

(c) the inability to reconstruct rational '"prefault" conditions, (d) lack
of sheared or gouged zones, and (e) the significant amount of topographic
variation on the marker horizon surfaces.

142. Reservoir-induced seismicity is not considered to be a
seismic hazard at Ririe Dam due to the absence of active or capable
faults in the site, the small size of the dam and lake, and the absence
of well-documented evidence for induced seismicity at other, regional
reservoirs. Regionally, the USGS has preliminarily identified six
faults within 200 km of the site that exhibit historic or Holocene age
mevement. Two occur in the Hebgen Lake area and nearby portions of
southwestern Montana (adjacent to Yellowstone National Park); one occurs
on the Utah-Idaho border. These three faults are in areas having high
levels of seismicity. Two fault systems occur on the Snake River Plain
and are not associated with high seismicity. The Grand Valley fault
bordering the Snake River graben to the east of the site is considered
to be Holocene in age by the USGS; however, there is no compelling
evidence for this age.

143. The examination of the regional historic seismicity and the
integration of information from fault studies revealed that the region
could be subdivided into three seismic zones. One zone is the Yellow-
stone National Park area (Zone A); the second zone is a broad area of
southeastern Idaho directly south of the site (Zone B); and the third

zone included the site itself and the adjacent Snake River Plain
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(Zone C). Recurrence curves were plotted for Zones A and B; recurrence
data integrated with fault information were used to identify maximum
earthquakes in each zone. These maximum earthquakes for each zone are:
Zone A, magnitude 7.5; Zone B, magnitude 7.0; and Zone C, magnitude 5.5.
The Zone A and B events are believed to have a return period of approxi-
mately 500 yr.

144, Ground motions from these zones were attenuated to the site
using western United States attenuation data. The resulting ground
motions for each zone are all far field. The design basis earthquake, a
Zone B event, would produce the following peak ground motions at the
site: acceleration 0.28 g; velocity 40 cm/sec; and displacement, 23 cm.

The duration of strong motion (bracketed acceleration > 0.05 g) on hard

rock under the dam is estimated to be 10 sec.
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4970 - Random fill--cl. to boulder -
- size -
- ol
3 =
— —
10— Silty sand and gravel —
3 =
- .
= =
- -
20— Water table at 20 ft 'E‘
___: Silty clay -
30—: Sand, gravel, and boulders -
" [~
3 =
3 [
— -
’40—:-:1' p—
H N— —
. -
P b~
50— -
= =
o— p——
60— .
] -
- -
: p—
707 . .
- [
80 ~
A .
= -
= -
3 -
4880 90_7 n_u_mxﬁsk -
= st B ‘j_ gr!:- .y h. frac., red 50 -
- e n frac. surfaces -
LeTT -15- =Heec. ¢ 6l Box 1| -
- 53 .
4873 :—lsa— ~--sandy-silty, cl., red E
190 Il
!"“G FORM 1836 mrevious €OITIONS ARS OBSOLRTE. rhosecy [ oL o
. MAR Tt DH 253
ITRANSLUCRNT
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Helo Mo [HDWR)

TAvibiBw 9 [ L LEBN
DRILLING LOG or, e
T PROJELY W ML AND TYPE OF MT HEA o
Farthquake facar { Dbuly T BIYOr FON FLTVITID W= SRL)
T UBCRYION [Comrdmetes o1 Fistrend L) —
Fir{e Dnm feipede, lduhe T Sinud ACTGain § oTNGHAYIO BF BAILT
3 DRILALING AQENCY
Corpn of Engdneers, dalls Walls Digtrics 13 voTaL w0 of Ovim T [oettumeeo Tmwpissumedn
T WOLE MO (A8 shown on wewing Itifel SUADEN SANPLES TAREW ! :
art Mie runh o) : [)” oy 5 . - m—
.
TR EaEoT BRCLTR 14 YOTAL NUMBER CONE BOXES
Don Feya T ELEVATION OROUND WATRR ) 4
s CIRECTION OF NOLY 16, DATE KOLE ‘sTsmTED IcoerLETED
[gvanvicas (Tmeuinto OES. PRAOM VART. Voo June 179 5 G0 Gudd 2Ud
17. ELEVATION TOP OF MOLE Lyt
1. THICKNMESY GF ovERSURDEN 0,0 L
- 8. TOTAL CORE MECOVERY FOR SORING 2579 1
@ DEPTH DMILLED INTOROCK {9, T f1 T SIGHATURE OF INIPECTOR
$. TOTAL OEPTH OF HOLE 1719.7 L
CLASSIFICATION OF MATEMIALS 5 CORK |BOK OF MEMARYS
AT L » AECOY- (SAMPLE (71 oos, h ol
tLevaTion| orerwu [LEcens [Dascsiption Lco ur ous "-'-::'-7:.1:-;.::‘::;-:’
. > < 4 . L .
. —
.5 - Clny, red, stiff, with bac. [~
— i bl ders -
1 -16-|Bas., m. frac., ves., 1. in 1 -
= frac. and ves. N -
10— 9 —
— -=frac., ves. 83 —
—
_ —
—] 100 -
20 .
120 —fra., few ves. Box 2 -
= 100 -
B | —
b= -
130— -
= —
- 100 =
- --m. frac., ves. with cal. Box 3 -
= filling some ves. -
. -
140—] 100 -
4328 —-17- |--brec. -
—_ 19 -
= -
150— f—
4819 5 ~1-174- |--fra., ves. with ecnl. fox b —
— --frac.,, no ves. -
] -
3 100 -
160—1 --frac., no ves., greenish p—
] cl. on frac. surfaces —
-1 100 -
- —frac., no ves., green cl. 100 —
- in frac., cal. healed frac. - F
170-— —
- Bax S -
7570 —-18- [C1., red, stiff, silty- [} —
— sandy zones [~
- Basal sediments 9 -
3 —
5790.3 [180—] Bottom of hole 85  |Box 6 —
o -
- -
- -
p- -
. [
p— —
—1 o
— —
-
-
PROIECT WOLE WO,
5".&:9""‘ 1836 PALviOUs EDITIONS AR OBROLETE.

TH 253
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Reproduced From
Best Available Copy




Hole Wa. 1)j1 -1

DIvVISION TWETALCL ATION [CTEE]
DRILLING LOG or O SMELTS
T PRGIECT 10. S1TE AND TYPE OF BT
L ihgaule Hosard Utdy-firic Jom o
I LOCATION (Coordinates or Station) !
Ririe D, Rivie Idaho T2 WAWUF ACTURTZR'S DESIGNATION OF DAILL
3 DAILLING AGENCY
N . i NeTat YIS v Tig L
Corps of Fopineers, Wella Walln District pe=rem—m— oo TR TUNOISTUNSEG
4. HOLE NO. fAs shown s drawing {file] BUROEN SAMPLES TAKEN ! 1 H
and $ile rumnb ad H D 25 1 _one
2 2
TR GV GRICCER TOYAL NUMBER CORE BOXES |
.. 6. ELEVATION GROUND WATER L4 11,
Loy Hey
4. OIRECTION NF NOLE isvranvap jCcomMmRLETED
18. DATE WOLE i e s RPN R
[CvemticaL [JincLingo OUS. FROM VERT. VG July 1979 DT July 3T
13. ELEVATION YOP OF HOLE }‘:’{;v‘ .8
7. THICKNESS OF OVERBURDEN 8L .8 1
= - - 18. TOTAL CORE RECOVERY FON BORING [xr T
§. DETH DRILLED INTO ROCK 5.3 Y 15, AIGNATURE OF INSPECTOR
9. TOTAL DEPTH OF MOLE 1001 [t
CLASSIFICATION OF MATERIALS 1 CONE 180X O REMARXS
ELEVATION| DEPTH |[LEGEND) RECOV- |[SAMPLE {Driiting tim. tor lose, depth of
(Description ERY HO. weatioring, ote.. i1 stgnilicars)
L] » 3 4 . ] L)
TR - Tiayey silt with cobbles —
RPN . —
-] Clayey silt, some gruvel and -
— sand —
16 =
LoL7 .8 1 Water table ol
20 7 =
o Sand and gravel -
30 —
L ] -
i -
- »n
— L
o .
3 -
— [
p b—
— —
— —
603 —
70 . f—
— p—
— b
— —
— -
o —
— -
1 —
80-— p—
— -
- -
— —
— Top Bedrock -
LT, - C
=1 c'i'B"s \ra-"bsl - frac.. reg 100 }Box 1] lot of cl. in return -
- . on frac. surfaces P - [~
LAT: .8 90_7}-15- |--brec., ves. water from 88 ft to —
— 98 r -
— 6L | ~
— [~
=] e —
— A [
do16- |- frac. 4 cl 9 -
,863.8 16 highly f +red clay on
i553.2 1100 f rac. surfaces Ok [~
PROIRCY WOLE #0.
E".ﬁ:?"“ 1836 srEVIOUS EDITIONS AR CRSOLETE. ]
(TRANSLUCENT} DH %%
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Hole No. DH 701
DIVISION IMSTALLATION SHEEY
DRILLING LOG oF o SHEETS
1 “Dnoucr ] 10. BIZE AMD YYPE OF BT HY
Earthquuke Hazard Study - Ririe Dam o M3LY
7. LOCATION (Coordinates or Stailon) oL
Ririe Dam Ririe, ldaho 77 WANUFACTURER'S ORSIGNATION OF ORILL
2 ORILLING AGENCY
5 £ Engi - : w i i
Corps of Enginecrs, Walla Walls District 3 TOTAL wo. oF OVER. SITORNSED TUNDISTURBED
4 :?‘L’!”:Oo (A:’nb-n on drawing mu:f . SURDEN SAMPLES TAKEN | None : Noyne
) il
S WAME OF DRILLER 22 18, TOTAL NUMBER CORE BOXES 2
Don KEVS 18. XLEVATION GROUND WATER }‘9]. ;l’ rt,
4. O!IMECTION OF HOLE . DA ¢ Isyamreo [ COMPLETED
" TE HOL 1 v TO760 A re
(D vemvicaL [TJinciineD OEG. FROM VERT. 1 19 July 1979 27 July 1579
17. ELEVATION TOF OF HOLE LAY & ¢,
7. THICKNESS OF OVERBURDEN 8L, 8 [t
3 ™ 18, TOTAL CORE RECOVERY FOR BORING  ©/) %
8. DEPTH ORILLED INTO ROCK 5' 3 19, SIGNATURE OF INSPECTOR
3. TOTAL OEPYH OF WOLE 120.1 f
CLASSIFICATION OF MATERIALS 1 CORE |BOX OR REMARKS
€LEvATION] DEPTHILEGENMD| MECOV- (SAMPLUE [ (Dritfing time, water lons, depth of
(Peecription) ERY NO. sty ste i1 ianiiicand”
- b < 4 . ' )
LBL1.8 — . —
L653.8 - 17 --brec., ves., cal. filling . . —
el — some ves. 92 Box 2 Hole caving in -
Lace N ] Ta .
455 p | L 4 lot of clay in return [
— 100 water from 102 to |-
- 95 bottom of basalt -
u8Lu.n 1107 —
5 110 18 6 [
i ] Cemented hole |-
-] Ci., red, stilt -
- Basal sediments 0 Clay and silt washed |-
_ -
. away (no core from -
3 — 112 It to tottom of -l
- hole)High clay-silt -
BALY 1 120 Dottom of hole 0 content in return f—
- water, no basalt -
- cuttings —
3 -
R | —
= =
3 —
= —
- —
. —
R — —
— —
-] —
. -
] -
- —
—d p——
—
3 -
4 -
3 -
ju— -—
— =
- -
— |
— —
- -
. —
— L~
— -
— b
E =
= [
4 =
— A
- —
- —
— —
- -
3 [
= -
— —
- b—
— b
= [~
~ -
- —
- =
— -
PROJRCT OL& WO,
JRC HOL 3
EN_&:?FK 1836 +eaestous EDiTIONS ARE OBSOLETE. I
(TRANSLUCRNT) DH 25k
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DHOOY

PIVISION TWITACLATION THEET |
DRILLING LOG or I tueeTs
T SROJECT 10. SITE AND TYPE OF B47 W
wtrthqunke i ihuady LR o
1. LOCATION (Coardin. e $1adion) A0
Ririe Dam Hivie, Idaho 77 MANUPACTURER'S OESIGNATION OF DRILL -
T GRILLING AGENCY
Corps of Fonpincers, Walla Wulla District Mo seTat o or oven- ITURBKD TUNDISTURSED
4. HOLE NO. (As shown on drawing tiifel " BURDEN SANPLES TAKEN ' :
and f1ts manbed i DH 4y .
AT 57 GRICCER : 4. TOTAL NUMREN CORE BOXES P
Don Keys 15, ELEVATION GROUND WATER bl
s DIRECTION OF WOLE e OATE mOLE [$TARTED JcommLET 4D
AvemricaL [JiwcLinen ate. rmom vanT. | i;‘fﬂ July 1979 7 fag 197y
- 7. ELEVATION TOP OF HOLE hg6o .5
7. THICKMESS OF OVERBURDEN sh.2 ft
— LT 8. TOTAL CORE RECOVERY FOR BORING fe ®
8. CEPTH DRILLED INTO AGCK . - 79, SIGNATURE OF INSPECTOR
5. TOTAL DERTH OF HOLE 180 B £t
€ {mox om REMARKS
eLevaTion] DFPTH [LEGEND CLASSIFICATION OF MATERIALS RECOV: |ShuniE! (b
{Deacription) ERY NO. .'.'.".'.’n".f.ﬂf'.ﬁ'ﬁ.'f"&'uﬂ?f.ﬁf'
. b c d . ¢ »
Lo r — Random i1l -
— IR - e -
Cilty el.y sand and gravel -
197 Groundwater at 14 fv [~
948,55 - -
— [
— —
20 -t
: -
207 [
- p—
3 -
14“ b
- -
— prnee
— F—
-
E :
507 Clay, silty, tan -l
Lg08.2 = Tap af hedrack [—
. Bas., gr.~bl. Probe cut8 fi into bed- =
= rock -
607 —
- -;.-hi_ frac., ves., red cl. 0 :
— in frac.
s 100 -
] -
- 9[) :
707 Hole caving in —
3 --frac., no ves. 93 —
- Box 1 ' -
: 96 -
80 -l
] 95 Cenent hole
~-m. frac., no ves. -
- ' 100 -
878 4 -15-|--brec. -
7 — 5 100 S
- ;. frac., ves. 18 High clay content in =
-1 _ brec. return vater froz §5 to =
99 81 |pox 2§92 - —
LBs0 o] <15a4 Clmy, sandy-silty, red, stifff =
pm —
—_— o
LA 3 8 Artesian beneath <l -
1865 = -16- |--Bas. ¥, ‘bl., highiy frac, ) T -
- ven., ¥nd cl. In frac. % ves. 56 IBox 3 10k.L ft head E_
hd L
ENG FORM 1836 mrevicut £oiTions ang oesoLete. FRosscy "o w0
MAR T o4 O5%
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Hele Mo, 211 ;'%")

Divist MITALLATION SHEETY -
DRILLING LOG or;  SHELTS
1. ProsECT 10. SI1Z€ AND TYPE OF WIY Ny
Earthquake lazard Dtudy T DATUN FOR YLEVAYISN THOWN (YW o BB
I UOCATION [Coprdinetes vr Statlon) —
Hirie Dum Ririe, idaho 12 MANUFACTURER § DESIGNATION OF DATLL
3. DORILLING AGENCY
Corps of dngineers, Wajla Walla District SyyoTatwo oF oven. T ITTIT TONGISTUR TS
4 HOLE NO. (As shown on draweng Hils] SURDEN SAMPLES TAXEN l :
ond file manbed ¢ DH ,.)') 2
2
S, NAWE OF ORILLERN 14. TOTAL NUMBER CORE BOXEKS
; 15, ELEVATION GROUND WATER
Lan Heyy e
8. DINECYION OF HOLE 16, DATE HOLE {avarTED fcourLgToD
vamricac [Yincuingo o¥e. FROM veay. | [ o8 Su1y 1979 ¢ 7 hugugt 1970
17. ELEVATION TOP OF HOLE IR
7. THICKNESS OF OVERBURDEN Sl .2 £, bg‘“'#’
Yy 6 18, TOTAL CORE RECOVERY FOR BORING 85 L]
8. DEPTH ORILLED INTG ROCK 12d, It 19. SIGNATURE OF {NSPECTOR
9. TOTAL DEPTH OF HOLE LS’W 6 't
CLASSIFICATION OF MATERIALS % CORE |#OX OR REMARKS
ELEVATION| DEPTH [LEGEND) RECOV. |SAMPLET Dyt lose, depth of
Description) [L14 MO. L...""f.:::f’-':':',‘:': -l’“nlllc‘:ﬂ)o
o b < ] » | v
L862 3 L-M. frac., ves., red cl. in —
— frac. and ves. 13 =
i —
3 100 |Box 3 -
hio ] F-Bed, m. frac., red cl. in _
— frac. and ves. [
] _-r‘rz'ic. , ves., gr.-bl., red 100+ -
-1 cl. in frac. and ves. —
- -
. -~frac., few ves. -
heo_— -
- 35 |
— h p—
= Box —
- -
h30_] 100 —
- Box 5 [
— --H. frac., v.s., cal. in ves| -
3 100+ -
hLho_— |--Frac., few ves. 100 L
- =
4820 -1 -17- [--Brec. and h. frac., red cl. -
j and cal. in ves. 100 -
L4B16.5 _j-17a- -H. frac., red cl. and cal. Box 6 —
- in frac. and ves, E
150_] ~-frac., cal. —
1 --h. frac., ves., cel. and 95 -
— red c¢l. in frac. and ves. -
—
- ~-h. frac., ves. red, red cl. -
— and cal, in frac, and ves, 100 —
- —~h. frac., ves., cal. and —
= red cl. in ves. and frac. —
160 1 --frac., few ves., cal. and —
- red cl. in frac. 93 [
. -h. frac., ves., cal. and 0+ Box 7 [
— red cl. in ves. and frac. 10 -
LTk , 7 -18-l-—frac., few ves., cl. in —
5 170 frac., cal. —
- Basal sediments--cl. red, [
- sandy-silty zones =
— L7 —
p =
— -
— =
180_"] |
" 3 =
779.9 7 -
~ Bottom of hole 13 [~
— Box 8 - :
- — N
- = '
— ] f
p - .
o - N
— p— .
- — :
3 - :
L - .
N
ENG Fo'“ SAOIECT n"OLE WO M
m ot 1836 satvious roiTions Ang ossoLeTe. | TH 255 :
(TRANSLUCENT) :
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Hele No. Uil V016

CIVISioN WIVACCAYION WEET |
DRILLING LOGT l°’ ., sueETs
T PROJIECT 10. $IZE AND TYPE OF BI1T 1/
tarthguake Hazavd Study : o
2. LOCATION (Cosrdinates or Statien) Mol
Ririe Dam Ririe, Idaho 12. MANURACTURER'S DESIGNATION OF DRILL
3. DRILLING AGENCY
Corps of Yngineers, Waila Walla District [Ty Tovar no. OF ovEn: JEisToReEo TUNGIATUR BEO
4. WOLE NO. (As shown on drawing fHila] " BIRDEN SAMPLES TAKEM | :
ard file ranb od : DH 256 -
S NAME OF GRILLEA t4. TOTYAL NUMBEAR CORE BOXES
Don Keys 15. ELEVATION GROUND WATER
6. DINECTION OF HOLE 6. DATE {sTamTED !cou-ulvlo
FKIvemricaL [TlincLingo DEG. FROM VURT. ‘- Hove 111 Aug 1979+ 27 Aug 1979
17, ELEVATION YOP OF WOLE  LOGT .3
7. TRICKNESS OF OvERBURDEN 32,1 't
9. TOTAL CORE RECOVERY FOR BORING qQn %
8- OEPTH ORILLED INTO ROCK  1LB.7 ft 19. SIGNATURE OF INSPECTOR
5. TOTAL DEPTH OF NOLE 180.8 ft
CORE |BOX OR EMARKS
ELEVATION DEPTH |LEGEND A O oty T TRIALS ::Eigv- saurie {Dﬂ:‘u‘::‘.ﬁ,.;:,ﬁ:r:‘-:"m;u
| e b (3 4 » i [
L9573 — Random {11l -
3 -
— =
107 Boulders, silt, gravel ull
= -
- Initial and final water-f_
20_"] table 17 ft —
-3 "
3 Silty gray clay -
— -
4935.2 30_: Talus , -
. — Bas., frac., gr.-81., no [
: ves., gray cl. & cal. in frad No water return —
— ~-Brec. 90 —
- ~-frac.,, gray cl. and cal. if -
Lo = frac. 03 |
— Tohe frac., vith gray cl. & Box 1] Cemented hole at b6 It p—
] cat. 1 ac. [P {1 1/2 sacks) —
. ~-brec. .
4915.6 56 NO CORE 18 No core, from S1.T7 ft  f—_
. to 56.8 rt, no water re-p~
s turn; high water pres- |
— Groy clay with bas. frac., 0 sure, cemented hole at [
’4910-5] = cl. reacts with HCL 56.8 ft (1 1/b4 sack) =
1909.1 Top of Bedrock -
, 60 Bas. , m. frac., cal. 85 ull
£906.3 — -13- | Rea- clay -
1905.3 3 -1k~ | Bas. , h. frac., ves., red |100+ —
] cl, & cal. b = -
- --frac. ves. 100+ Box 4 Watertable 11 ft -
70: --h. frac., ves., red cl. & 9 Cemented hole (3 sacks {—
Q] cal. 91 cement) -
3 --frac., ves., cl. & cal. -
= Watertable 7.8 ft —
— --m. frac., few ves. 100 3 -l
80"} ~-h. frac., few ves. 100 -
3 100__|Box 3 =
- --frac., few ves., cal. in -
_—] ves. 100 .
4879.3 3 -15- | --brec., ves., cal. [~
90_] -~h. frac., ves. 100 il
3 —-prec., ves. Box b -
4871.3 ] -158-{ Clay, tan. silty, sandy, 10¢ —
3 16 bn%._ frac. -
~ ~16= | ~=frac., ves.
4969.30 g ' 100 Watertpble 7.5 ft
ENG FORM 1936 »aevious £oimions ane assoLeTe. FRoReY jrove wo.
DH 256
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Hele No. DI %%
BiVISION INETALLATION MEET
DRILLING LOG oF D SHEETS
1. PROJECT 10. $12E AND YYPE OF BIT Y
karthguake Hazard Study . -
2. LOCAYION (Coardinates or Starion) MG
Birie Dum Ririe, {daho 12 MANUFACTURER'S OESIONATION OF DRILL
3. ORILLING AGENCY
Corps of Fnginecrs, Wal_a We.ia District T3 TOTAL WO OF OvER: TorsTomsEn TUNDISTURSRD
& HOLE NO. (As ahomn on drawing -tat-§ SURDEMN SAMPLES TAKEN ! '
and file rmanbad ©ODH 256 :
S, NAME OF ORILLER 14. TOT AL NUMBER CONE BOXES
Don Keys 15. ELEVATION GROUND WATER
¢ DIMECYION OF HOLE 16, DATE MOL {BTARTED |coMPLETRD
. MOLE - H
{Avemricar [incLineo DR, FAGM VERT. (1 11 Aup T4 P27 Aug 79
17. ELEVATION TCH OF HOLE  [,G{,3. 73
7. THICKNESS OF OVERSURDEN 32.1 Tt >
o ) . 18. TOTAL CORE RECOVERY FOR BORING 20 k3
8. DEPTH DRILLED INTO ROCK 166.7 £t 9. SICNATURE OF INSPECTOR
5. TOTAL DEPTH OF WOLE 180.8 1t
CLASSIFICATION OF MATERIALS 2GOneE (80x REMARNS
(L!VAYIO“] DEPTH | LEGEND D, RECOV- [SAMPLE (Drifl i lows, depth of
(Description) ey NO. i ste it u':mu:‘:w"
. 3 < ¢ . ‘ »
LEGT 3 = Bas., gr.-bl., frac. ves. -
- ~~frac., no ves. 98 -
] --h., frac. [
I --brec. Box 5 -
— ~-m. frac., ves., red 95 —
110"} ~-frac., lurge ves., gr.-bl, L
— ~-frac., few ves, (—
- -~i. frac. few ves. 98 —
— ~-frac., few ves., cal., al- —
- ternating section of red wen Box 6 —
] thered and gray unweathered 8
1, & gray u i 9 r:-_
| b
- --h. frac. —
= --m. frac., fev ves., wei- -
— thered sertions -
1304 ~-frac., few ves, 100+ p—
. Box 7 [—
— ~-frac., no ves., black —
] ~--frac., no ves., gr.~bl. 100 —
p [
- -
1507 -
14 [—
LAze .8 —1-17- [--brec., cal. [
) = --h. frac., ves., cal. -
] Watertable 6.5 f [
] --brec. 100 Box 8 le 6.5 ft -
: --h. frac., ves. clay [—
— --brec, and h. frac. 100 —
150G —
— —
- 90 H—
- —
48711.8 ——-178~|-~fra., ves., red cl., p—
— reddich color —
160 = --frac., ves.,, gr.-bl. 100+ —
] --frac., few ves, Box 9§ —
- -
— ~--m. frac., ves., cal,, red
— : —
= l. in frac. 100 -
- -
- —
170 --frac., few ves., cal, -
— -
- --m. frac., ves., green cal. -
— i N
and ¢l. in ves. and frac. 86 Box 1 -
L191.8F g Watertable 5.7 ft | -
- Cl., red, sandy-silty zones. -
- Basal sediments 97 - -
4786.5 |180- bottom Of N0le  eeemm: —
. —
. -
- —
—— —
— -
- -
— —
_ [
= -
— r~
3 —
FRAOIFCY HWOLE NO.
ENG FORM 18 34 paevious EDiTions aRe ossoLeTe. 3 .
MAR 71 R 2%
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Hole No. [y} o)

DIViSION ] LUATION HEET
DRILLING LOG or 7 sHeETs
1. #ROJECY 10. SIZE AND TYPE OF BIT o/
tarthquake Harmard Stuy it. or
I LOCATION (Coardmates or Stmian) - Mo
Hirie Dam Ririe, idahc T2. MANUF ACTURER'S DESIGRATION OF DAILL
3. ORILLING AGENCY
Corps of Engineers, Wioia Walla District T3 TOTAL NO. OF OVER. TorsToRsEo TUNDISTURNED
4. MOLE RQO. (Ao ahown on drewing tirtal BURDEN SAMPLES TAKEN | !
and file numbed Coi o :
3. NAME OF ORILLER - < )T 14, TOT AL MUNMBER CORE BOXES
Duon Keys 15, ELEVATION GROUND WATER
6. DIRECTION OF HOLE {STARTED |comPLETRD
18. DATE HOLE Poo . L)y« .
{vemricaL [iwciLineD OLG. FROW VERT. | 0T Aug (3 il Sep 19
17. ELEVATION TOP OF WOLE  )g(7 o
T. THICKNESS OF OVERBURDEN ST.9 It — -
= ey 18. TOTAL CORE RECOVERY FOR BORING a3 L)
4. DEPTH ORILLED INTO AOCK 124.3 ft 19, SIGNATURE OF INSPECTOR
9. TOTAL DEPTH CF HOLE '132" fL
CLASSIFICATION OF MATERIALS I CORE 180X OR REMARK S
ELEVATION| DEPTHM [LEGEND AECOV- |SAMPLE (Detrty o tor b A h of
(Description) €RY MO. ;.u':mq':'-:..:'r :n':m;’::-)ﬂ
. . < 4 . i s
bgL7 Random fill —
— -
— —
107 5ilty clay i
— -
3 [
20__1 =
— Gravel and silty grayish clay a
— [ —
303 -
- -
— -
Lo 7] -
s [
— -
— b
— —
— .
- -
50— 5ilty gray clay —
- [
L9CI .Y — —
L907.3 Top of bedrock -
I 1 o] Bas., brec., gr.-bl. 00 ] —
—{-14~ {--Bas., m. frac., few ves, [—
- small crystal laths of feidsd 100 [
- . . -
- par, red clay in frac. —
- Box 1 —
3 100 -
- --mod. to h. frac., ves., cl. —
70 —i in frac. and ves. [
— --frac., ves., red cl, in —
- frac. cal. 99 Watertable 5.6 ft at [
— --frac.,, few large ves. with Th.0 ftjcal. crystals -
— cal. crystals in ves —
— --mod. to h. frac., ves.,, caly .
— % red clay in frac. and ves. | 100+ —
2n ] e
R i g [Box 2 [—
- —-—frac., few ves. cel. 9 —
= .
= [~
— --h. frac., ves., cal and red i
- clay in frac. and ves. ! -
3 92 -
; - -
4978.3 90 ~-1%- |~-brec., ves. L
= Box | high clay content in —
= 19 return water —
— —
- -
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